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C++ MBS KIES « W C++98 BYHELE] C++11 M ERERETT T Kz HEL 2
AR . CH+14/17 MZEAXS C++11 BB FTHULAMN, C++20 WPMAGEIX] 115 G0E 7 AR K
I, BT IXEEHhR e IR, 48 CH+ XTI HET N 7B J7. ARLAE REF M HER C++
(R C++98 RHEHZFIH C++ BtEfrz iess C++) MARMIIIC C++ 1 C++ FfF RTE
DL Lambda Fk X B AFEHER, BEESREH MENAZE—TTET L BB,

MR C++ (RA5hH4E C++11/14/17/20) &4 C++ AN EHESEA C++ 55N
G TR IIIES o B CH+ AMUUEIR T C++ 155 H ST HE, auto JeMFIE L IYIE MUH153k
MTE A F OB M E A AR o [ XHE I8 F T 7 KR53 (b, Lambda #5000 H
ik C++ HA T THEARE 1 T R, X — 4 LU I 4 FE 18 = (31 Python/Swift/. . .
) FEZEZ I, AMEE IR T CH+ KLU AR 1 T 52 2803 i) i e i

CH+17 MIRIE =4 C++ ALt J7 ), st TER C++ Wit — 1 EE R RS
[ REEWHBFHFAW C++11 )R E, (HEAE 7 RE/NISERNIES SRHE (Blnsiaegse)
X B — B IE T A TE C++ HIgmfEEs.

AR C++ 184 B BARE RN 7 HEw 2 0 TERUTE, EEES B ShrEi2E EHE T std
::thread, MIMISZFF T AGFE, A& EARFKET RFEICEN APL, S TESEHNEEE
Y std:iregex HRL T SRR IE M FEAR TS, C++98 DEAWSLERIFR T 52— FhaE iy it
Ay, I CH+ BYHEL, WE— S X FEAL, ik C++ BN RGP RIETF & B iES .
Concept F24t T AR SE G BRI A, JE—B G50 18 = By v] k.

BT 2 BAWER C++ BIHPS SLBE IR R FHENT I ROITOOAS, A RESERAYHEDE C++
FUA R, AR T 1 OSCH A T = B SEiTE /1.

BiriEE

L ARBEEE CARER TS C++ . 20N EHES C++ R EARSEMRME Rt iEi,
ALK I GG C++ B TERASII A TREEAESERT N T I CH++ S GBS S
Bej e A S 5

2. RP—FERE LN T U C++ HBREE, (XU EEEE AR, NESR BN BN
CH++ i, RPIEM AT C++ BIBEEF. Mok, FEEN 22> 1918538 7T UE A 5k

BT H O B CH++ R
THEH

AAFSHR DEyd EF0, WA BN A8 =R A4 C++ BIHESR ST R x4
TR, e AT L B AT T F B BUBC SR Y N A B T2 ), PREFAGRTT 2 TN A X
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B % 1 FEAAK C++

RIRS, ARBFEN XL R RE D, AT RERI R T A28 T X 2R M A 1 P S ST AR
R, ROBRARX LR s XL TR RS Bl

AN, EERBEAER A TS, BB AERIH PR C++17, FEIPRIHIIHE L E
B2 C++17, WRZEHNHEFEIMN C++ A9 M othk 17— L2z J7.

PSR
AR RERHIL TR RS, ARAIRAEBRBEA A AP ) B e S B C RSB 2] [ R, A

Wit EHOASIE ROV . T LA TR R A R 2 RS P O AL, S
EZAISE S

B 158
A AFE RN T /0 RO RN ST, (U TR 30 U 75 R 23 12 28 e T A o A
W LAE R ST 5 . SO AR T R
£ 1 ZiEEIE C++

TEMIR: ARG clangs+ MENME—MIIRS TS, RN EREARHE -std=cr+2a JiiFhx

-+
Tho

> clang++ -v

Apple LLVM version 10.0.1 (clang-1001.0.46.4)
Target: x86_64-apple-darwinl8.6.0

Thread model: posix

InstalledDir: /Library/Developer/CommandLineTools/usr/bin

1.1 #F AR4FE
TSI C++ 20, FAVETHE— T C++11 FHifE, #ias 2R

ER FAIFEERCRRER . FUE TR AR GUX SR A AR AR R 2 BZ R
BB 2, BRI REIRERERN — 0, FEEHTHRAERHEIE, Kk
b S TR .

e TEAFHEFEEFEREL— char x NMEFEAFHEFAEEEMENMNHBKL—1

char *, [iZ{#EM const char * B{& autoo cpp char *str = "hello world!"; // ¥4 37 4 &

e C+498 BREInAA unexpected_handler- set_unexpected() SEHEFSERFR, HiZER noexcepto
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1.2 5 C &k & % 1 FAHANK C++

e auto_ptr #F A, M{EM unique_ptro

o register XEFHFA, TUEREFRBERESEMERFE X

e bool ZEEUHY ++ BAEWFH A,

o MR—NEAMWELE, HEEMRENGERHNENIRESEFHERFTAT

e C BEENBHNELBEMBFEFTH (AEZTE/ER (convert_type)) , MiZfEM static_casts
reinterpret_cast. const_cast ﬂ%ﬁi#i?ﬁﬁ!i&ﬁio

o FEAIM, ERIH C++17 iRERFAT LA MERAR C FrEEE, Bl <ccomplex>+ <cstdalign

>\ <cstdbool> 55 <ctgmath> %§

48

AT L HAH NS HIE (C++11 $24L T std: :bind Ml std::function) . export FFF{EHLIAHY
7o BTSRRI R ERBEIRE, HiEFESRETHMN, MizEFirERER,
BLREESE TR . BT, BORIE AT A R

1.2 5 C (I3

HT—2CRTTH . TR, BAIAEALE C++ i —LL CIEEAM (EEHEMN CiEER
) . B Linux REEGHH . AL C++ HBLZ AT, KEp AZikN TC 5 C++ BXALE(H20 B,
Wil B T IRV E T N RS 2SR AR AN, A AR T R EERE TEA
21, WERAENME. B 1.2 PRFERERE ERIE T C M C++ HKRAIHRAE L.

MIAETEIG, ARG 7 N, TCH+ A2 C M—1M#E%K) X MW& (i HAA—HFEARE,
JRTEE 20 R 25 SO ZE T CH+498 F1 C99 Z XA o« fE4mE C++4 B, v iZR T RE
FRI8E S FH TR voidx Z RRYREF XK. TIAEARAE C B, WAZERM extern ner XFMERE, #4
CIEE ALY C++ RSB T BS54, a9 HERXmids. fil:

// foo.h
#ifdef __cplusplus
extern "C" {

#endif

int add(int x, int y);

#ifdef __cplusplus

}
#endif

// foo.c
int add(int x, int y) {

return x+y;




16

17

18

19

20

21

22

23

24

25

26

27

1.2 5 C &k & % 1 FAHANK C++

B 1: &/ 1.2: Cfl C++ HAEFEAEM

// 1.1.cpp
#include "foo.h"
#include <iostream>

#include <functional>

int main() A{
[out = std::ref(std::cout << "Result from C code: " << add(1, 2))]10{
out.get () << ".\n";
YO

return O;

JSEE gee 4itE C 1 H AU :

gcc -c foo.c

UiFHE fo0.0 SO, FHEF clanges J§ Crht R .o SCPHREHERE (SAHMIEN .o Bt
)

clang++ 1.1.cpp foo.o -std=c++2a -o 1.1

L8R, R A Makefile SE4iid LT IFCH:

C = gcc
CXX = clang++

10
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#— )ik 6g K Uk % 2 FEE T R ARG

SOURCE_C = foo.c
OBJECTS_C = foo.o0

SOURCE_CXX = 1.1.cpp

TARGET = 1.1
LDFLAGS_COMMON = -std=c++2a

all:
(C) — c(SOURCE_C)
(CXX)(SOURCE_CXX) (OBJECTSc)(LDFLAGS_COMMON) -o (TARGET)clean :rm —rf * .0(
TARGET)

TR Makefile HYAEBER HIFRAFMIARZARAT . WERVREEE X BRI VRI dafR &
HIRAF R RE S A BB s, 3 B AT I IRAE Maketile FRHIZHBER H1 AT 5E BT o

WRRIEAHALE Makefile (UM BIAR R, AARTASHEL TEZRIARD, & HRRIFE
AT T clang++ -std=c++2a AT LAG AT

WSRARE B R MER C++, IR ARIR AT REIETE A LT AR —/ NG, B

[out = std::ref(std::cout << "Result from C code: " << add(1, 2))10OA{
out.get () << ".\n";
10 ;

AL, APBHEEEATR RN HIX D

HE— 5 R1E 895 % 3k

C++ 1E= 52, Bjarne Stroustrup

CH++ st

C++ HM1E GCC/Clang ZEgiF ax P Y SZ 471/ 10
C++98 5 C99 2 [a] 1y X 5

% 2 FIEE W AMAEL
UFATEY R AR R TR R X RATIRE. R R

FEIBATI 28, ATRER e 5 s P d e IS AT . Ale, RATEFRIESTRYE, 2
FEARLE e A IS AT Z BB S 170 o

11
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2.1 §
nullptr

nullptr IR HIER T AL NULL, FEREFR R L B3k, 848 C++ &4 NuLL. o N[ —Fh AR
P, XEFgiear i) & L NULL, ALgyirda ol NULL 2SR ((void%)0), A L& E Bl HiE
A 0,

CH++ ARIFEE void * Pazslibns| Hb M . (Ean R gmiFas 22 NULL & SN ((void%)0), I
2HE N ERX ARG

char *ch = NULL;

WA T void * [zl C++ HIUFIEGNULL & A 00 MR IAZ 2B BT A8, % NULL 28 Sk
0 ¥ S5 cr+ EFIFIE L AEIREL. & FHXH A foo MHAL:

void foo(charx*) ;

void foo(int);

A2, £ooWULL) 5 X MBEAPIEE I foo(int) . MIM-FEACAL H S B 5«

N T RROGXA AR, C++11 5N T nullper KT, LIIHPRIX 2255 0o 1T nullper FY2RAY
N nullptr_t, REGSREAHYEHONE MRS B EFT RO, WREMMI A T T S s NS Y

PRATEAZE ] clang++ S T A9 AQRS -

#include <iostream>

#include <type_traits>

void foo(char x);

void foo(int);

int main() {
if (std::is_same<decltype (NULL), decltype(0)>::value)
std::cout << "NULL == 0" << std::endl;
if (std::is_same<decltype(NULL), decltype ((void*)0)>::value)
std::cout << "NULL == (void *)0" << std::emndl;

if (std::is_same<decltype (NULL), std::nullptr_t>::value)

std::cout << "NULL == nullptr" << std::emndl;
foo (0); // WA foo(int)
// foo (NULL); /7 AT A R It 4 F
foo(nullptr); // WA foo(char*)

return O;

void foo(char *) {

std::cout << "foo(char*) is called" << std::endl;

12
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01 %% $ 2 FiEE TR R

void foo(int i) {

std::cout << "foo(int) is called" << std::endl;

Refe i -

foo(int) is called

foo(char*) is called

METHARIRATAT LA H . NULL AET 0 5 nullptre ATLA, 1EFRACE M A nullper) 1.

HeAh, fE BT AR T, AV T decltype Fil std: :is_same XM METIUL C++ MG, fiH
HKiid, decltype T RMUHES, 1M std::is_same T HUEPI AR S, HAISAE)FH decltype —
TREATE .

constexpr

C++ AFLLEE THEEREIOMA, i 142, 3% Xk 2 S B E M £ R B
AIETRIVE « ARG ar REAS A8 i I L X LE 2GR NE I F B Fris TR . R RERI IR Fr
HIPERE. — T WL A0 1l 2 A B O 8 S B -

#include <iostream>

#define LEN 10

int len_foo () {
int i = 2;
return ij;
}
constexpr int len_foo_constexpr () {

return 5;

constexpr int fibonacci(const int n) {

return n == 1 || n == 2 ? 1 : fibonacci(n-1)+fibonacci(n-2);

int main() {

char arr_1[10]; /7 A
char arr_2[LEN]; VAR~

int len = 10;

// char arr_3[len]; /7 A%
const int len_2 = len + 1;
constexpr int len_2_constexpr = 1 + 2 + 3;

13
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01 kg % 2 5T TR0 A

// char arr_4[len_2]; VA S
char arr_4[len_2_constexpr]; // A
// char arr_5[len_foo ()+5]; VA S

char arr_6[len_foo_constexpr() + 11; // 4 &

std::cout << fibonacci(10) << std::endl;
// 1, 1, 2, 3, 5, 8, 13, 21, 34, 55
std::cout << fibonacci(10) << std::endl;

return O;

I F R, char arr_4llen_2] ARELLARS AMEK, K4 len_2 EAHIE N TR & N4
char arr_4[len_2] SSRZEATEMINE? KRR N C++ FRiEEL I WLE — MR EIAR, YT
len_2 ﬁﬁ:., R const FAL, WA MR EFRIBR, FL (RIMEXF T ALK Rk ds ez
Fr, 52 BN EEENITR, BATFHEM L FRIPEAN-Z1 C++11 5]\ constexpr R K AR L
XA AL ﬁ‘ﬁﬂﬂi arr_5 i, C++98 ZHigm IR CIEFH len_foo O fEIBfTHASLER F2IREl—AH
L XA ST ARER A A .

R, BUERE I g HSH A B B9t , IRZARE T N EGIFS UL RInEF &
BRETE, AT EIEERAT HDUAR B B R B 2 10 o

C++11 $2fit 1 constexpr L& 2 30A 75 B BR BCEION SIS B B i 0 2 O 00, X1
KA WA S R AR L% R JRIE en_foo FEAMIEIIMN IZ 2 — M HEFRIAA.

IEAN, constexpr HYPRECAT LA 25

constexpr int fibonacci(const int n) {

return n == || n == 2 ? 1 : fibonacci(n-1)+fibonacci(n-2);

M CH++14 FFUf, constexpr BRECAT LALE A A FRE0As bty IREAFI4> S BB AT, Bl FIafgft
A CH++11 MbRIE N A RERS 1B gmin -

constexpr int fibonacci(const int n) {
if(n == 1) return 1;
if(n == 2) return 1;

return fibonacci(n-1) + fibonacci(n-2);

M, FATATEAE R X A A A ARAS AR R BN C++11 FHIG RIRT A -

constexpr int fibonacci(const int n) {

return n == || n == 2 ? 1 : fibonacci(n-1) + fibonacci(n-2);

14
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B REAEIL
if/switch TEEREL

LSS C++ 1, AR UIERIRRER A TIEMAE, B2T for WA AREM H U —MlE AL
nt, (HIGABEAINELE it 1 switch {HA]H R I —ANIGEGAS . il :

#include <iostream>
#include <vector>

#include <algorithm>

int main() {

std::vector<int> vec = {1, 2, 3, 4};

// A c++17 Z

const std::vector<int>::iterator itr = std::find(vec.begin(), vec.end(), 2)
if (itr != vec.end()) {

*itr = 3;
}

/BB EHF AL AL E

const std::vector<int>::iterator itr2 = std::find(vec.begin(), vec.end(),
3);
if (itr2 !'= vec.end()) {
*itr2 = 4;
}

/0 K HEH 1, 4, 3, 4
for (std::vector<int>::iterator element = vec.begin(); element != vec.end()
; ++element)

std::cout << *element << std::endl;

TE_EHE AR E, RATATLLES] itr X2 FiE E YA main() EIWEH%W\]E’J X FECYIRATE
B 1> std: ivectors I, FFEEBTATA S — MR, C+H+17 JHBE TiX—R&, HS3RATTEA
TE if (8 switch) H5E plX —#fE:

// ¥ lEmEEHE if EAR

if (const std::vector<int>::iterator itr = std::find(vec.begin(), vec.end(), 3)
itr !'= vec.end()) {
*itr = 4;

}

B, AR Go IHERE?

15
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2.2 B F B LAk % 2 FiET T AR
MiafLsIE

P — AR ERRIE S R, R AR R T O T [ . FEfE S C++ .
AR R EE AR O 7%, BlingiE%dl. POD (Plain Old Data, RIJAHE Hrifif s
R R SE g fA) RAHAT LA O TR0 iafe . a2 AR BRI AT SRR B iR
W, BT EEIE P DU BAT RN O 7. XEARFIEH X & BXNR, AREdEH. i

#include <iostream>

#include <vector>

class Foo {
public:

int value_a;

int value_b;

Foo(int a, int b) : value_a(a), value_b(b) {}
3

int main() {
// before C++11
int arr[3] = {1, 2, 3};
Foo foo(1l, 2);

std::vector<int> vec = {1, 2, 3, 4, 5};

std::cout << "arr[0]: " << arr[0] << std::endl;
std::cout << "foo:" << foo.value_a << ", " << foo.value_b << std::endl;
for (std::vector<int>::iterator it = vec.begin(); it != vec.end(); ++it) {

std::cout << *it << std::endl;
}

return O;

N T RRXA L, C++11 H BRI RIS ER 7 RA B, FHFRHRZN sta::
initializer_list, FVFHIE bR ALl HAN KBRS M F IR L AIEE . RO S RGBS 3
WA POD RPIIAHL T B3R 4L 7o —RIVREE . it

#include <initializer_list>
class MagicFoo {
public:
std::vector<int> vec;
MagicFoo(std::initializer_list<int> list) {
for (std::initializer_list<int>::iterator it = list.begin();
it != list.end(); ++it)

vec.push_back (xit) ;

};

int main() {

16
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2.2 BZ R Lmisik % 2 FiET T ARG EL

// after C++11
MagicFoo magicFoo = {1, 2, 3, 4, 5};

std::cout << "magicFoo: ";
for (std::vector<int>::iterator it = magicFoo.vec.begin(); it != magicFoo.

vec.end () ; ++it) std::cout << *it << std::endl;

}
TXFAAIE PR R Y ORI AR A B I PR, ELAT TR i B RS SR NG CE A IR A I R R R R
ARG IIFRER T X GiE L ARG HAE s e e 2. filln:

public:

void foo(std::initializer_list<int> list) {

for (std::initializer_list<int>::iterator it = list.begin(); it !=
list.end(); ++it) vec.push_back(*it);
}

magicFoo.foo({6,7,8,9});

Hik, CH+11 30824t 74— ik e IR XS &, Bl

Foo foo2 {3, 4};

sZifege

SR E SR TR AUHATE B PR A Z IR FIER PhEE. ARG =, A58 C++11 3
BAT std::tuple 2 I TG — 1 Ic4l, BEMAEEL MREME. (HEFEZ, C++11/14 FFBRUA1RA—Fh
i B BN T T E R E SOTA PR TR, RERNTATLAEA std: :tie XMITARATIRG, (A
THRIRAAR T ERI N ITTHEE L DXL, SPGB 2K, AEF R

CH+17 583 TRX—WE, SRS IhE i DAEBA TS X p A :

#include <iostream>

std::tuple<int, double, std::string> f() {
return std::make_tuple(l, 2.3, "456");

int main() {
auto [x, y, z] = £Q0);
std::cout << x << ", " KKy << ", " K< z << std::endl;

return O;

KT auto KRUHEFEAEauto LA

4
<t
+
53
Py
e
Ed
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2.3 AR T

2.3 KEHES

ﬁé; D) ;é_i%—é—?]‘)ﬂ :]‘i 6/7 gi'ﬂﬁ

FEfEGE C 1 C++ Hh, SZEIIERARDIMIIGE L, XH SO FA TR
FUR M FRATHDN— R ZRARN TN, A7 B 4 AR G 25 B A R i
BIRATHITTRRCR, WIS,

TORMBAEMHEL, G
TIREERI GRS, XA

=N AN

C++11 5]\ T auto Al decltype X REHFTSLBL 1 RAMET , LEARIFGARR DL AR, X H

i+ C++ WA TAHABRREE S 4, MRS 3Rt 7o DA R R ROl S 15

auto

auto FEARFLUFI O AN T C++, [HRMIALAEN — D RIUIE R A, 5 register If
ffo FEfLG CH+ i, MR — AR BA WY register A8hL, A5 H PN —1 auto Ahd. MMkEE
register YFFEH] (FE C++17 VENREESCHE T, LURMM, HATARALIRE S . X auto BYTH LA
AR HA T

] auto PEATHRAUMES M EON T WM H & M 0] 1 ml2 1508 . REOZAERTT /N AR 1
&g C++ PITKHIEREE:

/) C++11 Z AT
// BT cbegin() ¥ ik B wvector<int>::const_iterator
// BT DL dtr N Z B wvector<int>::const_dterator 2 A
for(vector<int>::const_iterator it = vec.cbegin(); itr != vec.cend(); ++it)
AT auto ZJFA[LL:
#include <initializer_list>
#include <vector>
#include <iostream>
class MagicFoo {
public:
std::vector<int> vec;
MagicFoo(std::initializer_list<int> list) {
/7 C++11 B, R euto kB FHATRAE T
for (auto it = list.begin(); it != list.end(); ++it) {
vec.push_back (xit);
}
}
3
int main() {
MagicFoo magicFoo = {1, 2, 3, 4, 5};
std::cout << "magicFoo: ";
for (auto it = magicFoo.vec.begin(); it != magicFoo.vec.end(); ++it) {

std::cout << *it << " "y

3

18




22

23

24

2.3 AR T

ﬁé; D) ;é_i%—é—?]‘)ﬂ :]‘i 6/7 gi'ﬂﬁ

std::cout << std::endl;

return O;

}
— SO ELAB Y L 2
auto i = 5; // 1 WAE R int
auto arr = new auto(10); // arr Wi F A int *
EE: auto RREMTHREULZ, UL FEMMBEERICE B giFn G5 lEEH M, FRA07

87 3% A FRRRARL) -

1 |int add(auto x, auto y);

3 [2.6.auto.cpp:16:9: error: ’auto’

4 |int add(auto x, auto y) {

5 Tmm~

not allowed in function prototype

IEAh, auto IE/NRE] THES AL A :

1 |auto auto_arr2[10] = arr; /)
2

3 [2.6.auto.cpp:30:19: error: ’auto_
4 auto auto_arr2[10] = arr;

R, RAHEEFHATFEFXE
arr2’ declared as array of ’auto’

decltype

N

decltype RAETEN TP auto 4T HREXS AL I BEAT AU HE S B BRIG T H BLRY . & 9 HT3EAN

sizeof RAHL:

decltype (% % &)

A, FATTRET BT AR B

K

ihn

auto x = 1;

auto y 2;

decltype (x+y) z;

REALAERTI AP EE] decltype M THEMIEMAY ML, FHOX Il FIW L& x,

v, 2 AR

if (std::is_same<decltype(x), int>::value)
std::cout << "type x == int" << std::endl;

if (std::is_same<decltype(x), float>::value)
std::cout << "type x == float" << std::endl;

if (std::is_same<decltype(x), decltype(z)>::value)
std::cout << "type z == type x" << std::endl;

19




3 EMES % 2 FiEF T AR

Hrr, std::is_same<T, U> HIFHIIbr T A0 U iIXPY I RALZ HAHSE . 4 R0

type x == int
type z == type X
EIREHES

TRATRES B, FEAr 2 autolif, FATCARIL auto ANREA T REUEZ TR RS, H4 au
AREMTHE SRR ISR ? 225 AR B B+, AL C++ hIRAIIX A5 -

&b
° He

template<typename R, typename T, typename U>
R add(T x, U y) {

return x+y

JER: typename 1 class FEAMSEINHK A XA, 7 typename jXA> K4 H I AT, AT
Fe ] class SRAE ARHRSHN o (HAEAM 8 A HIER SR AR I, F5 2 typename
THBRIE L

“ﬁﬁ@ﬁﬁ%ﬁi}f;ﬁa”ﬁﬂﬁﬁ, DRI AR P A A6 FH XA AR R R B, 0B i HH AR [ 2R
HL ERAPEARIE addO XA BREC AT AFERERIE, ARG — T ARERIR R AL

fE C++11 HiX ARG R . BIRRATRE S L2 SO R decltype ET x+y (ML, Hil
RXFE A ACHS :

decltype(x+y) add(T x, U y)

BFL BN SRR RE I i 1K RO Far 52 2] decltype(x+y) B, x 1y MARHEE
Mo N TRGGXANER, CH+11 385N 7 — I EURIRIEZERL (trailing return type) , FIH] auto S
TR R

template<typename T, typename U>
auto add2(T x, U y) -> decltype(x+y){

return x + y;

NI R C++14 TR ] LLB HALE M@ R B AR PIEE S . UL T 5 ik a1k

template<typename T, typename U>
auto add3(T x, U y){

return x + y;

CIRYN kil NS RE {25 P R ENR

// after c++11

20
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2.3 AR T

ﬁ'f; D) ;é_i%—é:’af}'ﬂ :]‘i é/J ‘gi'ﬂc

auto w = add2<int, double>(1, 2.0);

if (std::is_same<decltype(w), double>::value) {
std::cout << "w is double: ";

}

std::cout << w << std::endl;

// after c++14
auto q = add3<double, int>(1.0, 2);

std::cout << "g: " << gq << std::endl;

decltype(auto)

decltype(auto) j& CH+14 FFUAFEAL— MUK A 220 HZ:

R CIRFRENE C++ T2EEA RS, AR Bl —=hiEan g, IR

AT AB I B DR X —/ NN A

i EoR 1, decltype(auto) —E TR HE A bR BEE Fe (OB MR A BEATHE S . B FRATTC T 2aUhy
fRAE decltype MIZHERIAN . HBA NI, HFATHE X P A R EGIEATE 4 -

std::string lookupl();
std::string& lookup2();

fE C+-+11 v, FRRSHLZ I

std::string look_up_a_string_1() {
return lookupl ();

}

std::string& look_up_a_string_2() {

return lookup2();

IMA T decltype(auto) , FATAILALES &R 5E MUX— AR S L 4 -

decltype (auto) look_up_a_string_1() {
return lookupl ();

}

decltype (auto) look_up_a_string_2() {

return lookup2();
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10

11

12

13

14

10

2.4 FEHIR % 2 FiET T ARG EL

2.4 EFIR
if constexpr

EINAEIFL ), FATAGE T C++11 5INT constexpr KT, EHFRIAA B R BN 1L
Ro —MRABKEEE, WRINHEX —FHESIANBISAFRIW L LR AE G2 il 52 o S HI
SR RELLRF AR E R ? C++17 4 constexpr XM RETFHIAF] if IHAIF, AR H
FIRXHHIT SR, 25 8N IR HACAD :

#include <iostream>

template<typename T>
auto print_type_info(const T& t) {
if constexpr (std::is_integral<T>::value) {
return t + 1;
} else {

return t + 0.001;

}
int main() {
std::cout << print_type_info(5) << std::endl;

std::cout << print_type_info(3.14) << std::endl;

FEGRIERT . SRR BN T -

int print_type_info(const int& t) {
return t + 1;
}
double print_type_info(const double& t) {
return t + 0.001;
}
int main() {
std::cout << print_type_info(5) << std::endl;

std::cout << print_type_info(3.14) << std::endl;

X g for &

K. CH+11 SIATHETERIIGEETE, EAA TREES R Python —HHfTEYIEIIEH .
FANTAT LA — 2 fa L i T B Bl -

#include <iostream>
#include <vector>

#include <algorithm>
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2.5 BAR % 2 FiET T ARG EL

int main() A{
std::vector<int> vec = {1, 2, 3, 4};
if (auto itr = std::find(vec.begin(), vec.end(), 3); itr != vec.end()) *itr
= 4;
for (auto element : vec)

std::cout << element << std::endl; // read only

for (auto &element : vec) {

element += 1; // writeable
}
for (auto element : vec)

std::cout << element << std::endl; // read only

2.5 &R

C+ BYBIR— E2IXT 1 B — MR EA, AR 2 ] RS2 — [ TR R 5 R T -
BRI R A AE TR — DT RERS A S i AL BE A TR R 5 B i ST A T AR B, (A A T AL FEARLE BRAZ OV B
SIRGs, PRI TR ERE . RILE R AR 2 ARLE C++ HIRREEZ —

SMERIRAR

B4t C++ fy, BV I A S i ar s Pt ef)ilin, HEfEa MRIFHRIT U
i AR HIE E] T Rl e B E SRR, AR LBl o It AR T B A S T S 2 136 P R R 184 o
FE, BATBAT IMEE NG s AN E AR A LI

M, CH+11 FIN T AN, 3738 1 R A S 2 15 e A2 R 8 O B SRR A TR, AT RE
iy 5. X P88 R G 3 e AT P A TS A S A -

template class std::vector<bool>; /7 TEAT £ B A
extern template class std::vector<double>; // 7 &£ iZ % B % ¥ U fF % 5L ] 1t ¥ i

RIES «“>7

LSS C++ MgiFEdaT, > U B RA kT . (AShr ERAMRAE SIS H 7k
R A AR

std::vector<std::vector<int>> matrix;

XAEAES CH++ mikdn MR RNREEH N, 1M C++11 JRs, ELEMARIESIEEME A%, JFE
REAG IR L it o HL AT T NI X R G IE AR REAG 18 25 5 :

template<bool T>
class MagicType {

bool magic = T;

23
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2.5 BAR % 2 FiET T ARG EL

};

// in main function:

std::vector<MagicType<(1>2)>> magic; // &%, E L EZWE N X HF85K &

KEF B

FET MR2TL AR 1Y, 5 PR TR A TREL) Z RN . A7 iR eiX fl i EARE AR
FREREIN. (L5 C++ H, typedet W] LINRIE L— N AFR, (HREBATMEABMUE L—1
B amKe Wb, AR filin:

template<typename T, typename U>
class MagicType {
public:

T dark;

U magic;

};

ZE T2
template<typename T>

typedef MagicType<std::vector<T>, std::string> FakeDarkMagic;

CH+-+11 {f ] using 5IN T FHEHXFIEXRGEE, FHFARSTRASESE typedet HHIHHILIRL:

T PAIE typedet TE SRR : typedet B4 44, (HEX REHRE S04
(O SCHEREEIANARIR] X3 B 25 B B B il 1 — R A IR X

typedef int (*process) (void *);
using NewProcess = int (%) (void *);
template<typename T>

using TrueDarkMagic = MagicType<std::vector<T>, std::string>;

int main() {

TrueDarkMagic<bool> you;

BIAERS

FANTAIRERE ST — ARk AL

template<typename T, typename U>
auto add(T x, U y) -> decltype(x+y) {

return x+y;
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2.5 B % 2 FEE T R ARG
{EAERE BT &L, ZA A add, LA RS & HAR S E ) 288,

FE C+-+11 gt 7 — PR, W] AR E B BN SR

template<typename T = int, typename U = int>
auto add(T x, U y) -> decltype(x+y) {

return x+y;

LTRSHRN

B E2 C++ iy BEE (—id: Dark Magic) Z—. £ C++11 ZHi, TCib2EmiR
R R, HRAREI IR ERINE T, e AR HOE RIS E: 1 C++11 I TR T
%, AVHEEAEG AERSRBIRSE, RIS B E PR SR R E

template<typename... Ts> class Magic;

B Magic HUXTR . REAGHESZAZ IR typename (BN AL S HL, HIU0TFHEIAYE L -

class Magic<int,
std::vector<int>,
std::map<std::string,

std::vector<int>>> darkMagic;

BERRAERIE, IO 0 FBHRZE 2 TLARY : class Magic<> nothing;.

WA R ER RS EAECN 0, FTLF3RYE LD — MRS AL

template<typename Require, typename... Args> class Magic;

RSB REE EHH B R BB b 558 C HRY printf BREL, BIRMLREIS A E AL
WIEZHAA, EHIFIEERL A T C++11 BR T REE LERIL SN B R SEEREIN, B ] LUESEL
printf (Y RRERE B SRHAL AR BN G o B T AR S ECRRERH . .. R AERBERSEUL, 5
FSHA IR R RIERFRAERSE X AR TR RS 2K SER AL TR T8, 6
-

template<typename... Args> void printf (const std::string &str, Args... args);

IRABATE LT AR IBARSE A S EE A T e ?
B, BATATLMER sizeof... KIMEZHHIIL. :

template<typename... Ts>
void magic(Ts... args) {

std::cout << sizeof...(args) << std::endl;

FANTR] ML BTN 2802 nagic PRAL:
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2.5 BAR

% 2 FEE T R ARG

magic(); // #r o
magic(1); // % W1
magic(1, ""); // #H W2

Hik, MZHE TR, BIH OISR — MR TARER A TS, (HA PR Z I A

Fik:
1. BIABREN

IR ARE A S B —FhFB, R RS AT % o PR TIEAN Wi I M R R B L i AR 2

B, TR R U3 P AR SR H Y-

#include <iostream>
template<typename TO>
void printf1(TO value) {

std::cout << value << std::endl;

}

template<typename T, typename... Ts>

void printf1(T value, Ts... args) {
std::cout << value << std::endl;
printfi(args...);

}

int main() {
printf1 (1, 2, "123", 1.1);

return O;

2. THRWEFA

RNZ A2 R T IR E R, AE C+-+17 Jlghn 7 SR IT I S 3
Ji¥ printf HI%E

TR LME iR Erh e

template<typename TO, typename... T>
void printf2(TO tO, T... t) {
std::cout << t0 << std::endl;

if constexpr (sizeof...(t) > 0) printf2(t...);

FL b, ARMEENTBIAEN TAASHAM, HA—EREXSEMR T, FATR AR
std: :bind N 58S A SRR SCHN SR BRI SRR H0E . AT 2 s AR H A o

3. MEILIIRRH

128 YRR PR RS — ARV A0 . AEBR T 2 DR AE T A0 S8 Lk 3t VT A R 2K

XA TP ORISR SR R FR R -

26




2.5 M % 2 FEF T ey gt

template<typename T, typename... Ts>
auto printf3(T value, Ts... args) {
std::cout << value << std::endl;
(void) std::initializer_list<T>{([&args] {
std::cout << args << std::endl;
YO, value)...};

XA, BUMER T C++11 AR tiRIia 5% LUK Lambda Sk sCRReE CF —7ret
$22) o

WIS HIALSIF, (lanbda &#E K, value)... KPR MTESFAXNMHEL, BT
[ lambda ik, SEMSEH . 9 7R IEa S S AT LUK std: initializer list 23{
HIHE N voids

rERIER

Ct+ 17 A KRSHGXFR MR — Al 73k, 5 i A7

#include <iostream>

template<typename ... T>

auto sum(T ... t) {
return (t + ...);

}

int main() {

std::cout << sum(1, 2, 3, 4, 5, 6, 7, 8, 9, 10) << std::emndl;

ERBBIRSHHES

I T BT 2 2R M 2 R BRI — MBS

template <typename T, typename U>
auto add(T t, U u) {

return t+u;

HAIR 2 T MU SRR, (BB A i ISR S EOY AT LA ) 7 e O iR 2
ORIt e €

template <typename T, int BufSize>
class buffer_t {
public:

T& alloc();

void free(T& item);
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private:

T data[BufSizel;

buffer_t<int, 100> buf; // 100 1 K # W & ¥

FEIXFBARZHOV AT FATAT LG 100 VMBS EOHITES . £ C++11 5N T SRR IX
—FHEE . BATSR AR, BEIRICALHI RSB A BAR R S a7 (20 . REAT LA 1 4 B B A1
PEATRAUME T, (L S AAF auto MNP EHIHAIEHI AL SHsry2, C++17 5IANTIX—HHE,
FATAYBAT LA auto SCHET, LE4wiF vl B 58 iR RSB HES: Bl

template <auto value> void foo () {
std::cout << value << std::endl;

return;

int main() {

foo<10>(); // walue # 4 % 4 int %

=3

2.6 E[EXTHR
FHEHIE

C++11 5IN T ZATRIE A&, IR EEAAE BT LAE Al — 12— A R B0 55— i o
e, NI AR H A9 -

class Base {
public:
int valuel;

int value2;

Base () {
valuel = 1;

}

Base (int value) : Base() { // Z # Base() i i@ #
value2 = value;

}

};

int main() {
Base b(2);
std::cout << b.valuel << std::endl;

std::cout << b.value2 << std::endl;
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2.6 & @A %

% 2 FiET T ARG EL

HARIDIE

FEFEGE C++ 1, M PR ETIIR G B R A B SR L
FISRHE T using 51N T Ak ARAL I pRA A RES: -

R SRR T

C++11 F)

class Base {
public:
int valuel;

int value?2;

Base () {
valuel = 1;
}
Base(int value) : Base() { //
value2 = value;
}
3
class Subclass : public Base {
public:
using Base::Base; // 4k & # i
};

int main() {

Subclass s(3);

% #t Base() M ig

B ¥k

std::cout << s.valuel << std::endl;
std::cout << s.value2 << std::endl;
}
BERERMEH

EfSE C++ W, BFEGRAETINERE RS Hin:

struct Base {
virtual void foo();
3
struct SubClass: Base {
void foo();
3

SubClass::foo HIREFF AR AN BE AL, ARG T — T BEAMRA TR, 55—
AATRERYTETE R . BB R R BR ) . 2591 TH A R BN 7 0% R A0, bR O B — Al

T BRI IR I R A R

C++11 8| N1 override f{] final JX P/~ e KF IF_FiAd

override YHFHERENS, 5|\ override 4 T4 WA MY & M1 gw k4
TERATAEXFEA RE PR, A MK IC e i g i3 -

29
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11

12

struct Base {
virtual void foo(int);
}s
struct SubClass: Base {
virtual void foo(int) override; // 4 %

virtual void foo(float) override; // 3, R &% H b E B #

final final NJEON 1B 1 SARAREEA R LUK 2R 1 pR A AR SR T 25 | AN o

struct Base {

virtual void foo() final;

};
struct SubClassl final: Base {
Y, /&%

struct SubClass2 : SubClassl {
Y; // 4%, SubClassi B final

struct SubClass3: Base {
void foo(); // F ik, foo B final
};

EXERKINEH

FEFEGE C++ i, IR BBCATRME. S = B R A SE G R 2 Sl W (E
BRFUNMHIERE. 7350, C++ WARTAZEE LT new delete IXFEAVIZTHRF. HFEfF SUA TR T,
A AEE 0K 0 PR AR

G T LR O B B R B AL AT o BIANAE (SR P5 DU, b/ &2 il A it
PRECS I E ST WY privateo ZEi{ HIIXLEAE LAY PR BCKE SR IF sl i bR . N2 — R
HER T

FH., gisds A BB R RS T 8 SCRYRIE R BTCIR R AR . 45 7 8 S T AR 3 b

B ST R AE R AL, (R A RS TE07 2 [ B A X PR ARG R A, ROEiE I 1 R
CH+11 248 1 BRI TT 48, Fuifr o 7 W R P SR 4 dn i i E A R 8 0 -

class Magic {
public:
Magic () = default; // % X & W £ Al 4% & &£ R o2
Magic& operator=(const Magic&) = delete; // I & & ¥ 48 % % % 4 4 & #1&

Magic (int magic_number);
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Bk % 2 FEE T R ARG

SRS B HS

FEFESE C++ i, BOASERIFARRI 4y, MO S U EREAL, W PR SE 4 AN TR AR 28 2
BURT LA T B LA (RO REdRan th T A, (OFIERTAT) . EER— B E PR R %A
M ERFTREER ., XE TN E RN 25 24

CH++11 I TH A (enumeration class), FHiH enum class FYTEZPEA TR :

enum class new_enum : unsigned int {
valuel,
value?2,
value3d = 100,

value4 = 100

PR A S TR 22 4, BN RERE B U R e O B, (RIS REAS G L R
FHATHORS, BN R REXS AR AR SR O AL (B BEA T HU B (B RO (2 RN SR E A EAR TR, AR
AR LA T AR

if (new_enum::value3 == new_enum::valued) {

VAR

std::cout << "new_enum::value3 == new_enum::valued" << std::endl;
}

FEIX R, MR RG] 1 B 5 MR TR P A A TP A 2R, X AR RATTRE
G HOEIRME (R ERPEEOA A int) o

T FA 7 EPAFMAE R EIS , R RO TR e, A A TR LU A << XMRAF R
BEATH Y T DASGRC T T X A B

#include <iostream>
template<typename T>
std::ostream& operator<<(typename std::enable_if<std::is_enum<T>::value, std::

ostream>::type& stream, const T& e)

return stream << static_cast<typename std::underlying_type<T>::type>(e);

XIS, T T A REAS A 1 -

std::cout << new_enum::value3d << std::endl

AN TR C++ HXtE S RIS, P EH Yo B A LR P Ara A
i 2 T TR A -
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&
&

% 3 FEFRAMEGBA

auto FALIET
Tu for JAAX
b RIS
BN

- W e

L fERZEHIIE . (UH A7 RN AR SN T s

1 |[template <typename Key, typename Value, typename F>
2 |void update(std::map<Key, Value>& m, F foo) {

3 // TODO:

4|}

5 |int main() {

6 std::map<std::string, long long int> m {

7 {ra", 1%},

8 {"b", 2}7

9 {"c", 3%}

10 };

11 update(m, [J(std::string key) {

12 return std::hash<std::string>{}(key);

13 s

14 for (auto&& [key, valuel] : m)

15 std::cout << key << ":" << value << std::endl;
16 }

2. ZHT BRI T I R ER R, EARHEREZ.

W

s Y

% 3 EESETERmEL
3.1 Lambda Fixz
Lambda FikR 2 C++ hg EE A2 —, 1 Lambda AR, S2br Eat24eat 7 —42%

PLBE A% BRACREIE T P 4 PR BN R AE R B R, (R SUANESR I L 44— DR IS DL T 2208 ]
o XA HELAIRZIRE , FrLARE S R LP 2B IETE = HIAREC -

Ehb

Lambda FGAXAEATEL T :

[# % 7 R1(H # 7] £) mutable( T %) FH BMH -> KB XA {
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3.1 Lambda # 3£ X % 3 FiEF EATH 9 BAL

2 | /) & EE

3

10

11

10

11

}

ERATEEMNER 1 O % 7R AYZRPESN, HARE ARG B, JUR MRk R 52 s 2
BEERE T A -> R T (FAE LT R R B E 2R B XM 515 7).

FHBHizsIFe, Hsgal ABAR N ZH0—Fh2ER, lambda FEk =X SRR EUAE BROIAE 0L T B AN RENS
{5t FH R BAR SMER AR R, XA ARSI 2 T LU B (e SN B R o HURAE B RIF T, ARSI
W NN LR

1. BRI SSBCEEM MR S LB DL, AR ZALNFET , Bk 2 HTE lambda
FIEA WOV FE DL, TR A5 DL

void lambda_value_capture() {
int value = 1;
auto copy_value = [value] {

return value;

}s

value = 100;

auto stored_value = copy_value();

std::cout << "stored_value = " << stored_value << std::endl;
// X B, stored_walue == 1, | wvalue == 100.

// B R copy_value FE Al EB HKRHFT — 1 value 8 # I

2. SIAMR  S5UESEEL. SUNMHRGAFIE5H, EakAZi.

void lambda_reference_capture () {
int value = 1;
auto copy_value = [&value] {

return value;

3

value = 100;

auto stored_value = copy_value();

std::cout << "stored_value = " << stored_value << std::endl;
// X B, stored_walue == 100, wvalue == 100.

// W K copy_walue & F 8 & 5 A

3. Fa=NHR

FRBH TR LA R E A, ZFHURE R TAEAT LIS R i ol A0 R, X n] LAfE
FABIFRAE A & 8 = 2GR UIR 5 | AR AR

AT, iR T lambda Sk SMNEMEBES TR NRE, ARSI AR B R E AT
LA
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11

3.1 Lambda # 3£ X % 3 FiEF EATH 9 BAL

o [| ZEHHIARFIE

[

e [namel, name2, ...] fififk— RH
[
[

&) 51 AR, LEaiEd: HATHE SRS
=] {EAAR, iE A THE S 1512

4. RiEAHR

XHRI N AT 2 T A T S R B E S ] AR RE a4t

ErRBAERIR. SR AN/ E B Ry, RISk 2R o0 2
B, TARESRAR A

C++14 455 THANDTME, AVFHRIRAY A TR RZGE BT ORI . XX A T A ERIAER, B
i B AR A ST S ARk s AT T, I T S ] auto AR E AR -

#include <iostream>

#include <utility>

int main() {
auto important = std::make_unique<int>(1);
auto add = [vl = 1, v2 = std::move(important)](int x, int y) -> int {
return x+y+vil+(*v2);
}s
std::cout << add(3,4) << std::endl;

return O;

£ _LHERYACRS T, important JZ— Mt FEET, RARERSHARIREIN , XA A TH Zo/ AR N4
(B, fEFREAXTHIRL.

izE! Lambda

BT IRATRE] T auto KA FARER FIES R, X2 RO 5 52 SRR A T RE 4 o
%%, {Hj2 Lambda FIARIF AR S WA E, FTLL Lambda FIARIEAREB B . X AFRATE L T —
R ARG SRR AL, RIS EER R,

SEIBHYE, XFRBUAAAET C++11 1, ) C++14 JT4f, Lambda BREAIEASEATLAE ] auto
KR AT L Bz

auto add = [J(auto x, auto y) {

return x+y;

add (1, 2);
add (1.1, 2.2);
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3.2 B EE IR

52 BATH 09 3R

ri
w

HR I AR AR T AR —HB maMﬁﬁi%%,Eﬂ%ﬁ70++%§@ﬁﬁ%%ﬁ,ﬁ
AR A E B, i AR X R A T

std::function

Lambda FIAHYAFUZ — MR EOS G PR SER, (BRI x5 (FRoA P ALk
%), 24 Lambda Sk:UIGIERFIR N 2SN, AL GO RENS N BB HEE 71803 . i :

#include <iostream>

using foo = void(int); // & L @ HK £ A, using WHE AW LE—F F 8 H & E &

void functional(foo £f) { // T X EH # ¥ Kk F Wl % £ A foo #W A K EAM)EWH B 445
4 K A foox
Q) /7 BB HBEHRARE K

int main() {
auto f = []1(int value) {
std::cout << value << std::endl;
3
functional (£); // fr @& M B X &, KA A foox %Moy W B 484 &
£(1); // lambda % ik & A A

return O;

LHEERRLE T RARRIEAE R, —FEY Lambda (BN RBERREIB I TR, M5 —F
M2 E R A Lambda A5, 7 C++11 o, 45— TIXERES, HREM M IR RA, 54—k
ZONRTE R, T AR, (2 iE i std: :function 5K,

C+-+11 std: : function @ Pl LA RREERE, BRYSLE] AT LIOGHE AT LA 9 H AR LA
ettt EHRAEHMHERE, B C++ hIARY AN SRR — MM i st (HXSREE,
HHRET R R R R)) . AnEl, AU MBS SN A T RER AR 2 e (EREAS ST
EFRBREL PREEE R R TAL B fidn

#include <functional>

#include <iostream>
int foo(int para) {

return para;

int main() {
// std::function W%k T —ANREE R nt, ZH A int B K

std::function<int (int)> func = foo;
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int important = 10;
std::function<int (int)> func2 = [&] (int value) -> int {

return l+value+important;

std::cout << func(10) << std::endl;

std::cout << func2(10) << std::endl;

std::bind # std: :placeholder

M std: :bind R ERECH RIS E, BRI RERATARMETREFA—ERENS Ik
PESRAT I I BB SR, XA s, AT LGS 8 I SRR T8 5E 1 SR B B3l —
MEHXS. REESEGTRRE. SEREM. fl:

int foo(int a, int b, int c) {
}
int main() A{
/) B S5 1,240 F B @ B foo L, {2 EfE)H std::placeholders::_1 k&% —M%
HHAT b L
auto bindFoo = std::bind(foo, std::placeholders::_1, 1,2);
// X BB K bindFoo H, R & EZRBEE — 5 HH
bindFoo (1) ;

}
BR: [ auto REFHIWH . ARMEFRATATEEA KB — A REAIR RMEZRA, (HEFRAT]
FA] LA i auto [ FH S X — [a] ) HH B

3.3 A{ESIH

HEBIHZE C++11 5| A5 Lambda SRIAAXF HHHEERHEY —. BWTIAMR T C++ HRE
F 7 S0 15 BH TR0, THFR T 30 std: svector. std::string ZRIEISMTHY, AR EETREL std:
function i N T AIBE.

ZE. ARENAEAE. BTE. AE

FREAES IR R S4B, DR A ENA E S B R P .

Z{E (lvalue, left value), i SCHRIERF S /2R E HEFRSL, AERREA OF—E2
WA SR RIAFAERIFRF AT R

1 (rvalue, right value), FifMHE, SEARFEALHEHAFAAAER IS o
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i C++11 Hoy 75 INRRIEES U, A ENBESI T 7225y, o8 aia1E. K
8.

#A1E (prvalue, pure rvalue), ZPHHA(E, EARMNAITFME G, FIU1 10, true; H2ZRME
IR Ty R s E AR X G, B 120 A5 IR RIR I A& R R Ini A i 5
A7 Lambda SiksH R Tali4 (E.

B TME (xvalue, expiring value), /& C++11 K7 FIAAET| MR HAES (FITEESE C++
o A ERAER E IS . R RIS ZIRERS RS SR (H.

P AT RERS A LEXfE AR, FRAPRA XA

std::vector<int> foo() {
std::vector<int> temp = {1, 2, 3, 4};

return temp;

std::vector<int> v = foo();

PR, S EGE R S . BT foo AUIRIEIH temp £ENTIEIEIRG HIRIELS v, SR v
IRIFIRAN TG, 245384 temp 5 01—, SRJGHE temp £, QIERIX temp AR K, XKk ik i
BOMIE X RER C++ —BEIRHRNIRED « fEi)s—179, v 2. £ooO IRFIEL
AlE (HRAHAE) . F2, v iTLAERI AR kR, 1M fooO FAERAR MR EHEIEA—MIEIHE, —
B v ZHl)E, WrRIaes, JoRE. MORBRIER . T T B TR TR I B (E RE
SRR I SLRES 1R 3

5 CH+11 ZJ5, HiFas NIRAMI 7L TAE, AR/ E temp SSBEA THLISS A (R, BT
static_cast<std::vector<int> &&>(temp), ﬂfﬁﬁﬁtﬁtﬁ@ v é§4%~foo E%%BﬁZEJEgﬁiﬂiffﬁgibo ﬂl%ﬁ%%ﬁ%ﬁﬁ
PAE =B EhE L.

HESIRMEESIA
TR T E, MR EARAET AR T ee, HA T RS HET] A RLEXA
WA (E A AL A R DB G R RG IR AR T AR B0 o

CH++11 2L T std: :move XTI ARG AESHTC KON A E. A T ERANTHRER J7 fE k1
— ARG S, Bl

#include <iostream>

#include <string>

void reference(std::string& str) {
std::cout << " A fE" << std::endl;

}

void reference(std::string&& str) {

std::cout << "4 " << std::endl;
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int main ()

{
std::string lvl = "string,"; // lvi & — | £ 14
// std::stringé® r1 = lvi; // ¥k, H#EE AT # A EHE
std::string&& rvl = std::move(lvl); // & %, std::move® W £ H % % h # &
std::cout << rvl << std::endl; // string,
const std::string& 1lv2 = 1vl + 1lvi; // &%, % & 2 E 5 H @4 L Kk w & &8
// lv2 += "Test"; // %, WEIALEH LXK
std::cout << 1lv2 << std::endl; // string,string
std::string&& rv2 = 1vl + 1v2; // &, A5 ZE K s o xt & & @ B #
rv2 += "Test"; // &%, ¥ FENARSEHAGEH LT E
std::cout << rv2 << std::endl; // string,string,string, Test
reference (rv2); // il &£ &
return O;
}

w2 BIASIA T AE, BRTERE 5, FrLh ev2 g — A 1E.
TR REA MU 7 LB R, AR N A

#include <iostream>

int main() {
// int &a = std::mowve (1); /A%, FEELE ALK AAHE
const int &b = std::move(l); // A%, % 5 A5 FA 23 H A4

std::cout << a << b << std::endl;

F L O ARV RS HGVERIARAE? X0 RN IX MM EEE AR AR R

void increase(int & v) {
v+

}

void foo() {
double s = 1;

increase(s);

T int& ANAES | double ZERIFGSEL, AMMAAT A — M IRIHER AR AT s HOME, MY increase()
BUOXAIGRHER . MTTEASERE s REIRAWAEL .
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B, O AT RSN AVFISER A A E? AR, [N Fortran 7%,

BANEX

4 C++ it % DRSS R SO B RV ERF N S SRt 145 DU/ S IR . (EO8 1 SEB B Y
Bahile, WHZEREE S AT, SR EE QB s G AR, R
RN ERARERIRE R L, MARKIrAREES 6 (FEX) FREHER. FHEERIAR
PHAmYE (580, XRARF R NLN—1FE.

B C++ B X TRzhy M THE U0 OB, & T KRR BRI, IR A2 . A 1E
SR HBUE i ok X PR B R, il

#include <iostream>
class A {
public:
int *pointer;
A() :pointer (new int (1)) {
std::cout << "# %" << pointer << std::endl;
}
A(A% a):pointer (new int (*a.pointer)) {
std::cout << "4 Jl " << pointer << std::endl;
Y/ REXH G EEDN
A(A&& a):pointer (a.pointer) {
a.pointer = nullptr;

std::cout << "# 7" << pointer << std::endl;

}

~A0A
std::cout << "#f " << pointer << std::endl;
delete pointer;

}

3
VAR B
A return_rvalue(bool test) {
A a,b;
if (test) return a; // % 1T static_cast <A&>(a);

else return b; // MWW T static_cast<A&E8>(b);
}
int main() A{

A obj = return_rvalue(false);

std::cout << "obj:" << std::endl;

std::cout << obj.pointer << std::endl;
std::cout << *obj.pointer << std::endl;

return O;

e _E T AR
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1

. FASEEAE return_rvalue NIBKTEMI A XI5, THRARTS P AL 1 BB EU i 1

2. BREURIAIG , PAE—ETE, B A MBS (aes)) 510, WAL A, IR X4

HHHHRET RS, SRAFEIT obj H, MG T-EAVTREM IR E N nuliper, [7IE T IXHRA A DX IR 4 5t o

MNTTBE S T TC R SR 4% DUAGIE . R T PERE. FERAR Y MR 6]

#include <iostream> // std::cout

#include <utility> // std::mowve

#include <vector> // std::wector

#include <string> // std::string

int

std:
std:

main () {

:string str = "Hello world.";

:vector<std::string> v;

// ¥ 1f i push_back(const T&), B = & £ L 4T H
v.push_back(str);
// ¥ "str: Hello world."

std::cout << "str: " << str << std::endl;

// ¥ 1 J] push_back(const T&&), T & W I # IATH

/O TEANFHE S WY G E vector F, BT UL H B E std::imove 2 A KR WM H MW
I T 4

/X FBRAER, str BHELSEL AR

v.push_back(std::move(str));

& & TN

std::cout << "str: " << str << std::endl;

return O;

}
TEREL

BIHIFRAHRE) T, — DA ES SR DAl XFUOVRNTI TS5 Rk () BT
[

void reference(int& v) {

}

std::cout << " A fE" << std::endl;

void reference (int&& v) {

}

std::cout << "4 (A" << std::endl;

template <typename T>

void pass(T&& v) {
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std::cout << " iE L Sy
reference(v); // 4 % |l Al reference(inté&)
}
int main() {
std::cout << "f£ i 4 [H:" << std::endl;
pass(1); // 12 &M, (2@ 2 A M

std::cout << "f4 i A {H:" << std::endl;
int 1 = 1;

pass(l); // V = Ak, Wl AH

return O;

KT pass(1) K, BIMEBHEAE, (BT v 22— D31 H, LRt EZE(H. K reference
(v) W reference(int&), Fiith T/ifH) o WX Tpass( T, L&—N/AE, NS IGiHs
pass (T&&) Wg?

KRR TSI RPEBAMM Y 7y CH+ b, FATRRERERS— 5] FIZEBREE TS, (L C++ i

THAES | BB X —fak, =42 1751 N, seir s ixs g 518, BEREA 5]
L SRS o AR ZME RN AL -

T& 5 T&
T& H5lH T&
T&& e85 H T&
T&& 481 H T&&

AL, A R B ] Tee A REREFTAES I, SENZERS, IR B 51 PR HE S 2 1E .
TR, TIERRSHEMALENIA, SANAXSEENESIAN, BERSHUAEHESH
ASIRZEE. XA v (BN ER I s

FERFARET LIS ER . Il seEiAk . wUEon T ibIOMEEBSERT i, fRErEDk
SEERE (ZESIURRFEZES IR, ASIAREEASID o 8 T AR, FRATRZ(EH std: :forvard
KBATSHU L K () -

#include <iostream>
#include <utility>
void reference(int& v) {

std::cout << " A {8 5] " << std::endl;
}
void reference(int&& v) {

std::cout << " A& 1 7§ " << std::endl;
}

template <typename T>
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void pass(T&& v) {
std::cout << " E i R
reference (v);
std::cout << " std::move % % : ";
reference(std: :move(v));
std::cout << " std::forward % %: ";
reference (std:: forward<T>(v));
std::cout << "static_cast<T&&> {4 % : ;
reference(std::forward<T>(v));

}

int main() {
std::cout << "f{£ i A {H:" << std::endl;

pass (1) ;
std::cout << "f£ @ A {H:" << std::endl;
int v = 1;

pass(v);

return O;

a5 RN -

th &
T@ A £ E 5 HA
std::move & % : & 18 5 A
std::forward % %: & 1 3 A
static_cast<T&&> % %: A1 3 A
e & -
WA £ 5 A
std::move £ % : A& 14 5 A
std::forward % %: £ 15 3 A
static_cast<T&&> £ % : £ 1845 A

TGRSO HIC R H, HEESH S EN N ERH TR A, Lk std: imove HZTHE3%
B —ALeAd, ITHE K T reference (intek) firth A1 {H 51

MENH std::forward RIVAIEMUEM LRI, FNEREL (L) TRENSLSE T NHEA
R HL A RIS

std: :forward ﬂ] std: :move ~7|°$, {ﬁﬁﬁﬁﬁ}{ﬂ%‘%, std: :move $é@ﬁ<}x{%7ifﬁi§{z{ﬁjjﬁfﬁ, std: :forward
th R B RAif PG 25 T — N A e, WIS F3EE, std: :forward<T>(v) fl static_cast<T&&>(v)
X cam £

ST AR . TR TR R RS AR IR REA (6, 22 TP RIEET 77 ot : forward
H)EARSZIINLE], std: :forward B4 PN EERL:
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template<typename _Tp>
constexpr _Tp&& forward(typename std::remove_reference<_Tp>::type& __t)
noexcept

{ return static_cast<_Tp&&>(__t); 1}

template<typename _Tp>

constexpr _Tp&& forward(typename std::remove_reference<_Tp>::type&& __t)

noexcept
{
static_assert(!std::is_lvalue_reference<_Tp>::value, "template argument"
" substituting _Tp is an lvalue reference type");
return static_cast<_Tp&&>(__t);
}

LEIXT LI, std: :remove_reference [NINREETHERM RIS, 1 std::is_lvalue_reference
HTH AR SR G IER, F std: :forvard [ ML & T BB ER L2 — /el 25
PRI T PR o

2 std::forward 57 /fHIN , _Tp M4 S AZCAE, AT LAURIEME N ZCAE s Y KBz BN, _Tp 4%
WS AAMEEIH, MIETPEERN, BREMEERCA T &k + && 4 {EH. AL std::forward [ JHERTETT5
WHIRIH T AR SR S = A i 2

XS FRATRE R ETXAE— A A AT 2 A R PR E A B FE T, autogd R 27?2 FNY
auto HHERI AR A S AR, 5 e WA EE57E LK Ko

BE
AENG T C++ i RN LNE T I TR R, K EH ) O AT i@ 21 19 Br A4k
HOR(EIS EIRAY

1. Lambda A=
2. FRECN % 54S std:function
3. H1E5IH

HE— 5 R1E 895 % 3k

e Bjarne Stroustrup, C++ &5 &1+ 5
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4.1 HMERE
std::array
A B B 1 2 H IR A

1. R 2AZEG| N std: :array M2 BEE{H ] std: :vector?
2. BEH THESEH, Nt 4ER std: :array?

SREIE A, 5 std::vector AN[A], std::array XTHHA/NEEIER, WERALS AK/NEEE
0, BRLTT MBS e fdi il std: :array 2585, AT std: ivector & HENT AN, MEAK ISR
&, FFHXEET TMBRERE, AaIEAS Al EBINER TR NG, X R T8t T
shrink_to_£it () FEHGXT AT

std::vector<int> v;
std::cout << "size:" << v.size() << std::endl; // 0

std::cout << "capacity:" << v.capacity() << std::endl; // #r{#H 0

// W T E W std::ivector WHM A BFEHEN, MFEFT K
/ERBRZEALAR, FEEHIRELNE, MELRAFEY TR LA FHWBE
v.push_back (1) ;

v.push_back(2);

v.push_back(3);

std::cout << "size:" << v.size() << std::endl; // Bl 3

std::cout << "capacity:" << v.capacity() << std::emndl; // & H 4

/) X B AT KEEE Golang W slice R1%&

v.push_back (4);

v.push_back(5);

std::cout << "size:" << v.size() << std::endl; // HroW

%
std::cout << "capacity:" << v.capacity() << std::endl; // # i 8

/WM T EHARERRFZ T LR, BERUBBELENNFHAEALER
v.clear ();
std::cout << "size:" << v.size() << std::endl; // oW

std::cout << "capacity:" << v.capacity() << std::endl; // i 8

// BN T 3T shrink_to_fit (O W AR E 4 R &

v.shrink_to_fit () ;

std::cout << "size:" << v.size() << std::endl; // oo
£

std::cout << "capacity:" << v.capacity() << std::endl; // i 0
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126 AN R AN B, (] std: :array RERGLEACHS AT HAN “BUAIL”, T HEE T —LL B fE
B AR R/ N A AR ARSI B RERS AU A RS IE R TP Y A G 05 . LA std: ssorto
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13

i/ std: :array fR{ETH, AFRREHEBAR/NATH] :

std::array<int, 4> arr = {1, 2, 3, 4};

arr.emptyO; // #HE X HZEZ T H X
arr.size(); // WK FE E M oL E

8 i i

for (auto &i : arr)
{

/.
}

// A lambda %k 3 X HEJF
std::sort(arr.begin(), arr.end(), []1(int a, int b) {

return b < a;

P

/B ARNSEREREE ERER
constexpr int len = 4;

std::array<int, len> arr = {1, 2, 3, 4};

/7 FELFRT C RN KA, std:rarray F 2 B 3R UK T

// int *arr_p = arr;

HIAPDTIEH LT std: rarray B, MEQIIEFZOGHHFR C MR, XEA =MEGE:

void foo(int *p, int len) {

return;

std::array<int, 4> arr = {1,2,3,4};

/7 C Nt gD S
// foo(arr, arr.size()); // ¥, Tk B R #k
foo (&arr[0], arr.size());

foo(arr.data(), arr.size());

// R ‘std::sort

std::sort(arr.begin(), arr.end());
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std: :forward_list

std::forward_list j& /MHIFRALE, MHIJTIEN std: :1ist FEAKRMAL, HULIRNTHA L 2R R R T

T

T BABERYE . M std: :List FPREGERA LI, std: forward_list i FLIAFEERIEATIH, 42
LT o) BIRERITERMAN, ASCRAREBELYI A (XHRFERARRD . RIREEA S T
At size O JILMIA SR HATFEOMANEANS, HALL std: :1ist B EAY2SEF &,

4.2 TIFAEE

HATELAR 758 C++ THYHFA AT std: map/std: :set, IXLETUR MBI LLRMRIAAT LI,
TRANFHE PRI A E RN 0(Log(size)) o MEAMATTRNE, MU < BAERFHLETTR AR/ NFFIKIT
R fHE, HFEREEENMERARA ST LXX AT ICRIA TR, fh g R IR <
BAERF Ry R A3 DT -

MICF A a PR TR R A THETP R, NHREId Hash RS, ANHERITRMFHEIRED 0
constant) , fEAKIDAAATICRMFRS, REWHIT BEAITERESR T

C++11 %l)\irﬁﬁéﬁﬂﬁF?%§%§: std::unordered_map/std::unordered_multimap %D std: :unordered_set

/std::unordered_multiseto

@3ﬁjE@Fﬁ%§%ﬂEﬁ%§E@ std::map/std::multimap/std::set/set::multiset %%ji%ﬁﬂi, Hﬂﬂ:iZEE%§%§%ﬁ
MEEIRAEK T, A ——240, FANTEFKILE— T std: :napf{lstd: :unordered_map:

#include <iostream>
#include <string>
#include <unordered_map>

#include <map>

int main() {

/7 WA R BB F A 4R

std::unordered_map<int, std::string> u = {
{1, "1},
{3, "3"},
{2, "2"}
3
std::map<int, std::string> v = {
{1, "1},
{3, "3"},
{2, "2"}
};

/AR A TR
std::cout << "std::unordered_map" << std::endl;

for( const auto & n : u)
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std::cout << "Key:[" << n.first << "] Value:[" << n.second <<

std::cout << std::endl;
std::cout << "std::map" << std::endl;
for( const auto & n : v)

std::cout << "Key:[" << n.first << "] Value:[" << n.second <<

||]\n||;

||:|\n||;

AN

std::unordered_map
Key:[2] Value:[2]
Key:[3] Value:[3]
Key:[1] Value:[1]

std::map

Key:[1] Value:[1]
Key:[2] Value:[2]
Key:[3] Value: [3]

4.3 JTeH

Tt Python HIRRFP SUNIZAITETCAHMMES . HMESE C++ hRIZ SR, BR T std::pair Sb, LIF
BB PR S RENS T SRAF RO R B s GERF BT H CE L&) o H std: :pair HYBRIEIZ 2T

SR, REERRAF 1 ICE

TR KIRE
KT ICHNE A =MD R
1. std::make_tuple: it

2. std::get: FRIFICAHREMIENE
3. std::tie: JLAHIFE

#include <tuple>

#include <iostream>

auto get_student (int id)

{
// B WE kA Y AW A std::tuple<double, char, std::string>

if (id == 0)
return std::make_tuple(3.8, ’A’, "iK = ");
if (id == 1)
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4.3 o4 % 4FER
return std::make_tuple(2.9, ’C’, "Z "),

if (id == 2)
return std::make_tuple(1.7, °D’, "F F");
return std::make_tuple (0.0, °’D’, "null");

/S RRE 0 4B EIR, KIFEK

int main ()

{
auto student = get_student (0);
std::cout << "ID: 0O, "
<< "GPA: " << std::get<0>(student) << ", "
<< "R 4 " << std::get<1>(student) << ", "
<< "PE 4 " << std::get<2>(student) << ’\n’;
double gpa;
char grade;
std::string name;
// 64 AT IR A
std::tie(gpa, grade, name) = get_student (1);
std::cout << "ID: 1, "
<< "GPA: " << gpa << ", "
<< " % " << grade << ", "
<< "PE 4 . " << name << ’\n’;
}

std: :get R 1 i T R IRBUCAL G40, C++14 Bahn T (6 FH RS IRBUTA P 5 -

std::tuple<std::string, double, double, int> t("123", 4.5, 6.7, 8);
std::cout << std::get<std::string>(t) << std::endl;
std::cout << std::get<double>(t) << std::endl; // %, 5l & % iF ¥ 4 %

std::cout << std::get<3>(t) << std::emndl;

IBITHIERSI

WRIRAFANEE — T A B A B L AR R TR, std: :get<> fROB— P MIFMIR R &L, FrLA T
T AL

int index = 1;

std::get<index>(t);

MAEE LA 55802, [ std: ivariant<> (CH++ 17 5IN), 1245 variant< [RBIERZ
HATLILE A varianv<> MMAGERHERTURRAIA AL F (FEHABIE S . 180 Python/JavaScript 5, 3
BB -
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4.3 ©A

K
(N
e
P

#include <variant>
template <size_t n, typename... T>
constexpr std::variant<T...> _tuple_index(const std::tuple<T...>& tpl, size_t i
) {
if constexpr (n >= sizeof...(T))
throw std::out_of_range (" 7 .");
if (i == n)

return std::variant<T...>{ std::in_place_index<n>, std::get<n>(tpl) 1I};

return _tuple_index<(n < sizeof...(T)-1 ? n+1 : 0)>(tpl, 1i);
}
template <typename... T>
constexpr std::variant<T...> tuple_index(const std::tuple<T...>& tpl, size_t i)
{
return _tuple_index<0>(tpl, 1i);
}
template <typename TO, typename ... Ts>
std::ostream & operator<< (std::ostream & s, std::variant<TO, Ts...> const & v)
{
std::visit ([&] (Cauto && x){ s << x;}, v);
return s;
}
XFEFANTHLARE -
int i = 1;

std::cout << tuple_index(t, i) << std::endl;

TARHSER

WA —ME LTRSS ICA, XA LLER std: s tuple_cat fSLH:

auto new_tuple = std::tuple_cat(get_student (1), std::move(t));

O BRRERE R, az e bt i — S Ted? ARERATNIA A T i e T R AR G|
—~ tuple AR A ISR T, B SEERAIFT ERIE IR, L

template <typename T>
auto tuple_len(T &tpl) {

return std::tuple_size<T>::value;

}
AR RE A X TCH A TIEA T

/7 AR

for(int i = 0; i != tuple_len(new_tuple); ++i)
/7 & AT R
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%4 5 FRBHENAER

4 std::cout << tuple_index (i, new_tuple) << std::endl;

B8
AEFRNE TN C++ Ao as: . SNIRNENES C++ PEAMAEGELL, X,
AT LM SE B S T RO B T RO 2 . TR S0 A P R

std: :tuple BINARL, (HEFREFERMIIIREA IR, BIMEEBITR S ISR, HER
A AR 75 AT LA B AT 563

%5 EFREHESNEEE
5.1 RAII 55| Hit#

T Objective-C/swift HYRESF RMIZALES HTHERIMES . SUHTHBOX R EUZ 0 1 B 1k A A
ERI= A EAMGERXT TS B R, BET5 AT B0 OO R — RIS, AR
A5 XG5 o = 8 —k, MRS, ST, S X505 0
IS, SRS R SE A AT

LSS C++ i, HEf) FERRIR, SRR FOFNMRA ATRERURIC 7 R RBs R
T2 o T LA B HOERXT — DX RIS . FA A BB I o BB 25 ) AEAT R R AL (FE
BRI A RORM RS, R BT A RALL SRR IRt R .

JLEHRA BN, BATE AT IR RAE B b L ICHFR, EESE C++ HIENTAUFH new
il delete 25 MEARI X FEIBATREML 117 C++11 5IN TR BEMREHOMES, (R T 5T, ibRE Y
AN EROTF S A A7 IXLE R RETREF il £245 std: :shared ptr/std::unique_ptr/std::weak_ptr,
e N7 ZAL S LS <memory>.

R ST BONEEIR B, 51 T BRER SO EIAF A X 5 (8] i RS Rt
Rt A it I TR A S48, B RE A TR AT A 1 ) 2 B 0 A i e 30 o

5.2 std::shared_ptr
std: :shared_ptr J2 FIE RN, EREWICHRZ DA shared_ptr JERFIFRI—PXR, MIiHERZ
ARHIH] delete, H5| TN THIRHA KX R B ShlFR .

[EIEA, RON(ER std: :shared_ptr [3SAFZLMH new RIAM , IXMEAGACAD B TR Z_EHY
AR

Std==make_shared-Eﬁﬁﬁﬂ%fﬁékiﬁﬁ%ﬁﬁitﬁﬁﬁﬁﬁﬁ new, Eﬁ@istd::make_shared.é?ﬁ}@ﬂﬁﬂi%fg)\égﬁiqﬂﬁq
W5, FHREEXA R A std: :shared_ptrfgfl. HI0:

1 |#include <iostream>

2 |#include <memory>
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5.2 std: :shared_ptr % 5 TSN AE R

void foo(std::shared_ptr<int> i)

{
(ki) ++;
}
int main ()
{
// auto pointer = new int (10); // illegal, no direct assignment
// Constructed a std::shared_ptr
auto pointer = std::make_shared<int>(10);
foo (pointer);
std::cout << *pointer << std::endl; // 11
// The shared_ptr will be destructed before leaving the scope
return O;
}

std::shared_ptr AJ LT get O JyoRIRHUSIGATRST, it reset O SRIF/D—15 T4, JH#E
iTuse_count O K& A — ARG HITEL Flan:

auto pointer = std::make_shared<int>(10);

auto pointer2 = pointer; // 3| i i # +1

auto pointer3 = pointer; // 7| Ji i % +1

int *p = pointer.get(); // X 1 & ¥ jn 5| fl it #

std::cout << "pointer.use_count() = " << pointer.use_count() << std::endl; // 3

std::cout << "pointer2.use_count ()

3

" << pointer2.use_count () << std::endl; //

std::cout << "pointer3.use_count ()

3

" << pointer3.use_count() << std::endl; //

pointer2.reset ();

std::cout << '"reset pointer2:" << std::endl;
std::cout << "pointer.use_count() = " << pointer.use_count() << std::endl; // 2
std::cout << "pointer2.use_count () = " << pointer2.use_count () << std::endl; //

0, pointer2 E. reset

std::cout << "pointer3.use_count () = " << pointer3.use_count() << std::endl; //
2

pointer3.reset () ;

std::cout << "reset pointer3:" << std::endl;

std::cout << "pointer.use_count() = " << pointer.use_count() << std::endl; // 1

std::cout << "pointer2.use_count ()

0

" << pointer2.use_count () << std::endl; //

std::cout << "pointer3.use_count() = " << pointer3.use_count() << std::endl; //

0, pointer3 © reset
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5.3 std: :unique_ptr % 5 TSN AE R

5.3 std::unique_ptr

std: runique_ptr & R T AUE RERRET, EALIEHME RERE S HIL = X5, M ARIEARS
24

std::unique_ptr<int> pointer = std::make_unique<int>(10); // make_unique M C
++14 5 N

std::unique_ptr<int> pointer2 = pointer; // I &

make_unique FJEANE 2%, C++11 WAHRML std: :make_unique, AJLAH{TELIL:

1 |template<typename T, typename ...Args>

2 | std::unique_ptr<T> make_unique( Args&& ...args ) {

3 return std::unique_ptr<T>( new T( std::forward<Args>(args)... ) );
4|}

ET N ABARM, C++ PR AZ TN Herb Sutter fEMAY T THH22IFEEZ AN TH
IR 1 Jo

RESRSEM b et iUt e AN AT B o AESE , FRATTAT AR std: :move 4 HAL 45 HABA] unique_ptr,
i -

#include <iostream>

#include <memory>

struct Foo {
Foo() { std::cout << "Foo::Foo" << std::endl; 1}
~Foo() { std::cout << "Foo::~Foo" << std::endl; 1}
void foo() { std::cout << "Foo::foo" << std::endl; }

};

void f(const Foo &) {

std::cout << "f(const Foo&)" << std::endl;

int main() {
std::unique_ptr<Foo> pil(std::make_unique<Foo>());
/7 pl F=, G d
if (pl) pl->foo();
{
std::unique_ptr<Foo> p2(std::move(pl));
/7 p2 1=,
f (*p2);
/7 p2 =, i
if (p2) p2->foo();
/7 pl AE, B
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5.4 std: :weak_ptr %5 EHRAEEANAEE

if (p1) pl->foo();
pl = std::move(p2);
// p2 A=, K
if (p2) p2->foo();
std::cout << "p2 WA " << std::endl;
}
/7 pl A=, H ol
if (pl) pil->foo();
// Foo Wy 5L Bl & 42 ¥ JF 1F A B 3 4 %

5.4 std::weak_ptr

UNSRARAF A B std: :shared_ptr Mo R EUKIMAAEE FIRTCIEREIR A AL 75 T X ] -

struct A;

struct B;

struct A {
std::shared_ptr<B> pointer;
~A0 A{

std::cout << "A P 4 Z " << std::end;

3

struct B {
std::shared_ptr <A> pointer;
~BO {

std::cout << "B 4 %" << std::end;

};
int main() {
auto a = std::make_shared<A>();

auto b = std::make_shared<B>();

a.pointer b;

b.pointer a;

WBITERIE A, B #ASHUHE, 2N a,b WERHY pointer [FIIF 5T a,b, JXHE4F a,b (5]
BN T 2, MBI ERERES . a0 BREFREH T, 21 REE XX I 51 RO —, 1XH
BT a,b XIGRARIH A XIG | TR S, NS E A3 IMERENX R T, i il 7
WAl . anfEl 5.1:

FR DX A R ) I AR 555 | H$E 5T std: tweak_ptr, std::weak_ptrg— P35 H LA F
std::shared_ptr F @& M5 ) o 5951 HAZSIES TSI, MM 55 R, SRR
FRWE 5.2 frs:
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5.4 std: :weak_ptr %5 ERRRALNEER
b -
2 ab WHRIE
AB kAR5 | A TTERN
Y v
B B
pointer | | pointer [ |
"1 pointer “ 1 pointer
A A
B 2: 5.1
a b b
A J A J Y
B B
pointer |-{ | pointer | {
< pointer < pointer
A A
B B
pointer -
[*---| .
pointer pointer
A

K 3: & 5.2




@ ok % 6 FEN &KX

SNE =2

fE£EEp, sis— LR B, i B HAEMERERR 5 HE, IR N A7 IRt SRR

std: :weak_ptr % * BHEFA > BHELF, FrUUARERXT R TEAE, EME—/EREH T
& std::shared_ptr ;& (7AE, H expired) JIIEREMERIIAMEALES, 2R [A] true, HNIIRIA] false,

2 o

[ =]
BRERREHIXMEARI AT AT, AEARZE ST PG — M WRIEOR, B C++ BIXTEARS [, 1E

—ERRE EIHBR T new/delete W], 2R EE MM AR TE R o

HE—FEIEMSEER

1. stackoverflow 36T FTC++11 Mf}47% A make uniquel 318

% 6 EEMRIEN

6.1 IEMFRIEXE T
IENEEEAAE C++ BEI 5, XBEAUME RN,

IEMFARIE T — P 775 B LR — el IR NIFA N 2R SC T i =R

LA — P HE A EEEMIPR 75
2. P UCPCHY ¥ H L
3. MEA R EUH AT S 2RI 1 HR

IEMEE R MEE TR (P10 a 2] 2) DUSCR IR PR A SO AR ARl R SOAR I 2
DL — B PR R IEMES NN — DRI, R TR i 2R B9 75 R g T T
ERik ]

Tl TR B B AR E T TR A AT EDRUA AT T BN A o IX G A R SRV NG 76 iy
A FrAbs A5 R AR5
R F

Rk PR IENZGA X AR S L FHF, R RSO L. 20T

s
& filiid
$ DUFCHI N AT B s R A
®) il — N FRIBFFIAME R AL E . FRIA AT DR LUS (6 o
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http://stackoverflow.com/questions/12580432/why-does-c11-have-make-shared-but-not-make-unique

6.2 std::regex % FAg ¥ % 6 FIEN &KX

i

=

3 =

Eipu

* VERCHT AN T2k Uk s £ 1K

DCRC T 1Y kX — kel 2 k.

. VCEC T4 \n Z AMNI AT R F 4

[ PRIt — S R IE S

? VCRC AT T b ATk al —ik, sifg I — DS AR R E A

\ W=D FRRIC SRR TR SURSCFERE s E s B LR, fln, o
VERCF4F no \n DEECHRATRF. FPA0 A\ ULEC °\ F4F, 1 \NCNIULRED * ¢ F1F,

- VB N R B T IR0, BRARFE 155 RIA R A, N B R R A% A/ 5

PaN

+

{ PRICHRERF B I AR -
\ BT PIIICZ [R A — a8

FRE AF R 2 IE MRk U — 2 E AL L BN 2 DA RE AL DEIC . LR 36

TR g
* VCRCH T ) 1R IA R k. BN, foox REULHL fo LAK foooo. * S T{0,}.
+ VCRC R TAI T35k 20— R 2 7k . i, foo+ REVULHT foo LA foooo, {H/NREVULHD fo.
+ EMT {13
7 VLS RTTE Y F AT e—k . i, Your(s)? W] LADGED Your BY Yours HHfjYour .

? T 10,13,

{n} n B PEEEEE DCECHIERT o K. BT, o2} AEEICHC for HIHY o, (HZREILAL
foo HIFIH T oo

{n,} n 2P EEREEEL. 2/DUCEL o ke BRI, of2,} ANREVCHD for Hf o, {HREVCHD
foooooo HHFTA oo oft,} ZEMNT ot+e 00,3 MEEMT ox.

{n,m} m Ml o BOAEGAEEL, Hf o /NTET ne HDILCE 0 IRHRZ LI o k. B0,
o{1,3} K ILHC foooooo FIFWET = 0o 0{0,1} SEM T o7 TEE, fEE TN ECZIA
NREA = HE o

A TR, TATEF R S LP A B IEN AT .

6.2 std::regex REEX

X PR ER N A BT IE B fie W BOst 2 i IE N ZGA e A AERSE C++ bl ik —E i
AFENE S ZHI SR, BOEMAGRERE, T C++ AT Btk S . 5 GRS A T, X URL
BHIRGE R TR L {6 IE I 20k 2t 2 Tolk 5 A Pl i A o

— LR R TT ZE E boost [YIEMIZRAI A . 1 C++11 IR 0H I EA R AV AT RN
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6.2 std::regex % FAg ¥ % 6 FEM kik X
FRUEFERIFT, MBS J R TR SR, ANFHRIEE =77 -

CH++11 LAY IE N IEFUEIRAF std: sstring X5, iz std: :regex (A JFi/Z std: :basic_regex) i
FTHRIAAL, B3 std: :regex_match PF{TUCHE, M7 4 std: :smatch (ZRJii 2 std: :match_results X% ),

FRATE L] LA R AT ER S 2 A R 6 o 2% 58 ThT A TE U 2k A

o [a-z]+\.txt: fEXPIENFIEA A, (a-z] FIRILEC— /NG FhE, + AT R AR IA UL AL 2K,
NI [a-z1+ BERBUCHC— /NG PRI 7R o AEIENSRR P — . JORIERAERE TR, M
\. MFRICEFR ., Fa i txt FoRPAGICHD ext ) =4 F o PRI IR IR 20 2 Ut i
R A2 A Fh 4l NG B B SCAS SO

std: :regex_match M TULECFAFHMIEN A, ARLZARNERIV. RELN— A2
&N std::string DAN > std::regex PEATILIC, HUEECHENRS . 2R10] true, IR false. fI40:

#include <iostream>
#include <string>

#include <regex>

int main() {
std::string fnames[] = {"foo.txt", "bar.txt", "test", "aO.txt", "AAA.txt"};
J/FE CH B\ SR FRAE AN, A O\ EAHEN KL R SR A
B, FREXN \ #HATZREX, A@A \\.
std::regex txt_regex("[a-z]+\\.txt");
for (const auto &fname: fnames)
std::cout << fname << ": " << std::regex_match(fname, txt_regex) << std

::endl;

5%**$¢F%FHE@ﬂ?iﬁﬁtﬁ%ﬁ?%{f?}\,std::string/std::smatch/std::regex Eﬁﬁ‘é%%ﬁ, iiEP std: :smatch
A T H S 2 std::match_results, {EFRIEZEAT, std::smatch #75E XN 7 std::match_results<std::
string::const_iterator>, e — T ik M Y natch_results. {fif std::smatch AJ LAJT{#H [
XF DERC Y 285 A TARIL, il :

std::regex base_regex (" ([a-z]+)\\.txt");
std::smatch base_match;
for(const auto &fname: fnames) {
if (std::regex_match(fname, base_match, base_regex)) {
// std::smatch W% — A0 & KW EANFHE
// std::smatch By % AN U ERIE®R T % — 1 T K% R
if (base_match.size() == 2) {
std::string base = base_match[1].str();
std::cout << "sub-match[0]: " << base_match[0].str() << std::endl;

std::cout << fname << " sub-match[1]: " << base << std::endl;
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N

£ % 6 FIEN AKX

PAEP A A B HH 455N -

fey

foo.txt: 1

bar.txt: 1

test: O

a0.txt: O

AAA . txt: O

sub-match [0]: foo.txt
foo.txt sub-match[1]: foo
sub-match [0]: bar.txt

bar.txt sub-match[1]: bar

2 o

J[R3==|

ZSER R P A W ENSVIIE: S v v = PR 123 SIS 5 i WE NI S =50 QN 116 U Rt MM 1 N 1R
TIEMFEGAR R -

>R

L. £ Web 55 &It A, FRATE T A AR 55 S LBl /e 32 PR i oIRGB S X —H
R LRZ .

25 B IR R A -

struct Request {
// request method, POST, GET; path; HTTP wverstion
std::string method, path, http_version;
// use smart pointer for reference counting of content
std::shared_ptr<std::istream> content;
// hash container, key-value dict
std::unordered_map<std::string, std::string> header;
// use regular ezpression for path match

std::smatch path_match;

IERNASESILE

typedef std::map<
std::string, std::unordered_map<
std::string,std::function<void(std::ostream&, Request&)>>>

resource_type;

LAK R 55 3B -

template <typename socket_type>
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R % 6 FTEN &KX

class ServerBase {
public:
resource_type resource;

resource_type default_resource;

void start () {
// TODO
}
protected:
Request parse_request(std::istream& stream) const {

// TODO

TSI AL start O 5 parse_requesto ({555 S St (I AT LA 58 E #E i -

template<typename SERVER_TYPE>
void start_server (SERVER_TYPE &server) {

// process GET request for /match/[digit+numbers], e.g. GET request is /
match/abcl123, will return abcl23
server .resource["fill_your_reg_ex"]["GET"] = [](ostream& response, Request&
request) {

string number=request.path_match[1];

response << "HTTP/1.1 200 OK\r\nContent-Length: " << number.length() <<

"\r\n\r\n" << number;

};

// peocess default GET request; anonymous function will be called %if no

other matches
// response files in folder web/
// default: index.html

server.default_resource["fill _your_reg_ex"]J["GET"] = [](ostream& response,

Request& request) {

string filename = "www/";

string path = request.path_match[1];

// forbidden use ‘.. access content outside folder web/
size_t last_pos = path.rfind(".");
size_t current_pos = 0;
size_t pos;
while ((pos=path.find(’.’, current_pos)) != string::npos && pos
last_pos) {
current_pos = pos;

path.erase (pos, 1);
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#— P W A F A % T FIHATEHA

last_pos--—;

/7 )

server.start () ;

W

I

FERILI.

H—FRIRNSERR
L A1 Ty GOC 1y C++11 IEMIEEER P F A/ EH Tim Shen [ [H1%
2. IR SR
87 EHTEHE
7.1 FTE R
std: :thread F A1 — MHUTHILARR LG, B LAE R — DT A mRERBLRl , (I 260 1 <thread

> Sk, B TIRZEAMLARIRIE, 1A get_1dO KARBUF QIELAR LA ID, i joinO K
IO ERRERRSE, il :

#include <iostream>

#include <thread>

int main() {
std::thread t([1(O{
std::cout << "hello world." << std::endl;
b
t.join();

return O;

72 ERESKHHFR

FAMEIRANE RS IR EBARIENHR AR EZ TS 1A IR BRRIEEARRIR, nutex 52 H:
PHDZ o C++11 5IN T mutex FHRAYE, FFTAHRAYEEHSHAE <nutex> SLICHEH.

std: :mutex ;& C++11 q3§§%%ZKE@ mutex §§, ﬁﬁfigzﬁﬂ{h std: :mutex EIQL@U%EIif%E&, ﬁﬁﬁﬁfi}iﬁi
FAPREL Lock O T LAREAT B4, unlock O AT LABH TRES . (H@AE/ESLPRnE ISR, RiFALER:
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72 AFF5ERK F 7T EHATHHAE

VAP A BRI, DR DA P8 DR PR RSt A A A i 5 DX Rt AR R wnlock O, 44K, BB RH . X
e C++11 BN EJFRHRME T RAID IEERYRIRCE std: :lock_gurado RAIL fEA SRS PERY
IR ARG AIPRIIE T ARG S 2 2tk

FE RAIL AL . XTI 5 XY B RO G5 A R B T 4500, flin:

#include <iostream>

#include <thread>

int v = 1;

void critical_section(int change_v) {
static std::mutex mtx;

std::lock_guard<std::mutex> lock(mtx);

/R AT E FBRAE

v = change_v;

/BT ER R E mte & B K

int main() {
std::thread ti(critical_section, 2), t2(critical_section, 3);
tl.join();
t2.join ();

std::cout << v << std::endl;

return O;

HIT C++ BRIE T A e AL R B R G5 R I A B, I AR RS 2 S i 2o TCIE
critical_section() IEFFIRIAN IEBAEHUEMM S, #BEEIAHERRILE, st H3IHA T uwnlock O

ﬁﬁ std::unique_lock mU$BXﬂ“ﬂ: std::lock_guard ijﬁ[ﬁ@, std::unique_lock E@jﬂ]iﬁ?ﬁ, std::
unique_lock HUXFTZZ LIS FrAHL (A HARRY unique_lock XfRIEHF AR mutex XHRAYFTAFD)
77 AR mutex WG EHY_EBURIBIAOERIE. BTLMEI R dmiEr, (I std: :unique_lock.

std::lock_guard ZiﬁﬁﬁﬂiﬁE@ﬂﬁfﬁ lock %D unlock, ﬁﬁ std::unique_lock ETEiZEﬁﬁEHE%H@fEE%{iE%ﬁE
ML AT EAgE NS R VE R, SR B S IR

ﬂD%@ﬂﬁFﬁ?Uj’%%##%Eﬁé std::condition_variable::wait mﬂ&%ﬁﬁ{%fﬁ std::unique_lock VF?ﬂé%%ﬁo

fian -

#include <iostream>

#include <thread>
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7.3 14 % 7 FHATEHAK

void critical_section(int change_v) {
static std::mutex mtx;
std::unique_lock<std::mutex> lock(mtx);
//OAT R A R AE
v = change_v;
std::cout << v << std::endl;
ZZETET S S
lock.unlock () ;

/O ERHE, EAASBTUNRSE v B FHKR

/ST E AR EERE, BR W
lock.lock () ;
v += 1;

std::cout << v << std::endl;

int main() {
std::thread ti(critical_section, 2), t2(critical_section, 3);
tl.join();
t2.join ();

return O;

7.3 i

W% (Future) 3KIA std: :future, BHEHE 17— MUTRRDEAESEIRAO GRS, XATRIRA R N
THRX AR, AT ISR N E CH+11 ZET I Z A T

AR, IRIEATA LR A FEFITRE— MR B AT R RNTBURHIESS . FHREIH 4
o MR, 4F8 A WREIEAEIC HARY S . JoIBUB N B lUS5ER . A ABRAN TSR A A Ay R REAS a2
MRERIIT R AAR B 1945

f£ C++11 | std: :future G ANZHT, EHHIHIEE: O 4R A, 4R A RIS B,
S e e IR Rk — B, PR RREAS R RS MERKLRE A BIEAAMEMHES, 5%
TLERAIIGE, P — AR A R BCR IS T HI 4S

I C+-+11 F2HE std: :future ffL VX MHEE, WTEARIRARBUR PARSTIEE R . B9, FRATIRA
SREB IR BB AN — R R SRR RS FB, RIBiRR (barrier)

BT H— T BATXEHSME sta: :packaged_task, ¥ i LAFREPEFERTRT LI F AR . A
TP TSR (M. 28R

#include <iostream>

#include <future>
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#include <thread>

int main() {
// - ANREE A TH lambda k3K R H ¥ B task F
// std::packaged_task W WM 5 5 EH H @ B KA
std::packaged_task<int ()> task([] () {return 7;3});
// kAR task W H A
std::future<int> result = task.get_future(); // # — & E & 17 task
std::thread(std::move(task)) .detach();
std::cout << "waiting...";
result.wait(); // #H Wik & FE, HEI My TR
// ol AT £ R
std::cout << "done!" << std:: endl << "future result is " << result.get()
<< std::endl;

return O;

FEEZEF IR EARG . ATLMEH get_future ) ARG —1 std: :future X5, LAMEZ 5 WLk

FE[E 2

R
il

7.4 FHT

of

FFAZHT std: :condition_variable ;oA [ MFRAEAITTAE, M FEAEAGE HIMT AW o, 2%
A RETT B REA FA NEA RRAR ST, T — MR AR ] BB 2 S BUT A H MR AR T 28 A
FURAFAR SR BT, e & A B0, LA, condition_variable SZFl 4G 7 H B 3= S 2 F e i 2
2R FE T EE R BA o std::condition_variablefl] notify_one() FJ TMafi—N2EFE; notify_all() NIEiE
M A LA PR B R 1)1

#include <queue>
#include <chrono>
#include <mutex>
#include <thread>
#include <iostream>

#include <condition_variable>

int main() {
std::queue<int> produced_nums;
std::mutex mtx;
std::condition_variable cv;

bool notified = false; // i & 13

<

//OEEE
auto producer = [&]1() {

for (int i = 0; ; i++) {
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54

55

56

EETES B 7 ETHHA

std::this_thread::sleep_for(std::chrono::milliseconds (900));
std::unique_lock<std::mutex> lock(mtx);

std::cout << "producing " << i << std::emndl;
produced_nums.push(i);

notified = true;

cv.notify_all(); // WA 7 DL f# A notify_one

}
}s
AR &
auto consumer = [&]() {

while (true) {
std::unique_lock<std::mutex> lock(mtx);
while (!mnotified) { // # % & {8 % i
cv.wait (lock);
}
/BT BREYN, EREFEANCERFEEZ R E R AR L &£
lock.unlock () ;
std::this_thread::sleep_for(std::chrono::milliseconds (1000)); //
HAERTAETH
lock.lock ();
while (!produced_nums.empty()) {

std::cout << "consuming " << produced_nums.front () << std::endl

produced_nums.pop () ;
¥

notified = false;

};

/7 Al E R R E &R AT

std::thread p(producer);

std::thread cs[2];

for (int i = 0; i < 2; ++i) {
cs[i] = std::thread(consumer);

}

p-join();

for (int i = 0; i < 2; ++i) {
csl[il.join () ;

}

return O;

ERF1RAR, AT B RATRIATT LUE ] notity_one ), (HELFR EFARUALMAL T, FoNFE
ZHBHEREILT , AT S Sl ST 7 BFRA . XA AT RELE AT S <RI B,
TSR 2 N 2 Z A o G BN, (H52hs BRI std: imutex HYHEMIE, FRATRATCEH
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R MH B REE IR L BRI TR BRI R 2B i N2 B M0 75 R0 FE S AR B

7.5 BTRESHEER

A AT RE X —/ N1 PR A B i H SR B A B R REAF A S e AL 3 08 P HE B O 15 D
FAERERK . BN, Ai/R{E notified BUAMY volatile (B4, Hidkds Ml REXTILASIHAFAEIAL . BIALKE HATE D
AR E, TS B S R TR AR B R . ORI A, ) TR
A, AT BB L IHE N C++ 11 G N AARAX & FATESCRE R, X
BefCrstm b g g 2 e

#include <thread>

#include <iostream>

int main() {
int a = 0;

int flag = O0;

std::thread t1([&]1 () {
while (flag != 1);

int b = a;
std::cout << "b = " << b << std::endl;
)

std::thread t2([&]1 () {
a = 5;
flag = 1;

1M

tl.join () ;
t2.join () ;

return O;

MEMEFR . t2 e = 5; X—FKIBAMUIPEAE flag = 15 ZATE AT, 1 t1 H vhile (flag != 1)
PRI T std::cout << "b = " << b << std::endl; AN EIRCHISCARTINGT. W2 LS. BIF b 1
TERZEFT 5o (HSLPREILLILIE 2152, B BUX BACTI A B 8 TARE LT, RN T a fl flag
M, AAERDHTRLRTROES . WA T e BRitesh, IERITZMBSEF 3RS . R0 Gl
CPU WELTHAT, HiFar 8 S EHIEN, S5 a = 5 KETE flag = 1 ZJ5. I b ATRER L O.

FEFRME

std: :mutex W] LARER_ BT ELIOHF A G YRR, (EEFBURERIERERIIRE, XEFOY—1H
T AR S T B P SR AR U
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L fEftZRein B Sh R e, B TEiED X MIRES
2. PRESAFE ERBURIEIIEL, AT AL R A7 5 I SR X AN AT I S

X HARFRARRE A, A iH S A iF oy CPU RSN RINIEE 2 RS (KL
JEFARA WL A A A ETED o T MU T RERIE (BRI AR, PR AwTZ)
g

KT FLFFRRAERTE AZRP S, BOWEXEAB TR 328 M2 H , A3 CPU /K
REH T CPU 8 S HMEF4R1E, IR C++11 th 2 4cfe P = RIS X —[ L, &5
AT std::atomic Fff, MAFFATLBIL—DIEFRAL, K ADEF BRI —HIES, w/MEE
B4 CPU 54, filu:

std::atomic<int> counter;

FHONREET a7 p U R AR AL T B R BB A A PR, 28BS, B4 fetch_add, fetch_sub 55,
[r] e F T RS MG TR +, - R HAnTR R 1

#include <atomic>
#include <thread>

#include <iostream>

std::atomic<int> count = {0};

int main() {

std::thread t1([1OA{
count .fetch_add (1) ;

IO
std::thread t2([10O{
count ++; // %1 T fetch_add
count += 1; // %14 T fetch_add
I9M
tl.join () ;
t2.join () ;

std::cout << count << std::endl;

return O;

WAk, FARBTA SRR TR, KRE AR TR AT AR T CPU RIS
S TR S T S IR P AR T AR PR R, TR TR T I st satomic<T>:
is Lock_free KB T AL AT SRR THRE, G40

#include <atomic>

#include <iostream>

struct A {
float x;

int y;
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long long z;

};
std::atomic<A> a;
std::cout << std::boolalpha << a.is_lock_free() << std::emndl;
return O;

}

— R

FHIITIIZA LR, N IUEE L, iU — oMt RS, FEsM R,
3 5 7% 25 AR AT SR — ] B T S

WERBN AT — A v FEZ AR A BRIEBON I 73R 4E, BT — D SRR AE 5 v )5,
HALRERER SRS v IR, X TR v 1S . RICANUFHITIRT . EIRAlRTEIAE
LARMAFRNEATRCR LR et XA 2AIMERERSIE SRR ? 25 8 (2 HI 55 )5 T R VR A 2ERE )
FTA] 2 25 o

MG B AR Al LI R — N ERAE T e, TR ) A0 £ e ) LS A0 SRR T i R A8 45
IS ERE R [ 25 2, B2 R I RS R ) — SR A -

Lo 2ok SOPRs— S a2 . B EORAET— RBSER FRRRE B R I N R i R — Ik
FIEd . H A LRE AR IS 2R A 3R BT 2 — 2.

1 x.store (1) x.load ()

PR T ——— Hmm e U >
3

4

5 | T2 -—-=----=-----------—- t---m—— - >
6 x.store (2)

FEIXFIIE DL T 2RE T1, T2 X x IR G BAERET Y. H x.store(1) B ISV L LA x.store(2)
ZHI, x.store(2) FHARIAESE x.10ad ) Z R (EHAFHRAVE, Zelt—HUEX 2RI R ERE
MELASEERRY, Xt ATABIESS o A — St g 440 T~ Hof— 2 i RIE IR A

2. JEFP—Eol: FREESRATAT R SR AR RE S 2 R iR I B AR . (EARZOR 52 R fP A
IR — 3o

1 x.store(1) x.store(3) x.load ()
2 |T1 —-=====-=--- e it tomm - B >
3

4

5 | T2 —===-—----mm-—— tomm s e >
6 x.store (2)

7

8 3@%

9
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x.store(1) x.store(3) x.load ()

x.store (2)

ﬁjlﬁ%#ﬁ(‘ﬁﬁ’\]%i‘k_{?, x.load() M‘Z)ﬁlii”%lﬁ*{kg)\ﬂgﬁTE, Jﬂj x.store(2) 5 x.store(1)
FETCAR e R, Bl HSE T2 A x.store(2) A ZELE x.store(3) ZHIAIA],

- PEREUE . BRESREEBREIR, AR EA RIS RH R EIUTAR 2GR, AR IR R AR
P A LK o
a =1 b =2
Tl ————tmmmmm——m - e >
T2 ------ R e e e e P tommm - tommm - >
x.store (3) c=a+b y.load ()
# #
a =1 b =2
Tl ————4-—————————— et it P P >
T2 ------ e et TP P tommm - tommm - >
x.store (3) y.load () c=a+b
T H A
b =2 a =1
Tl ————t—m— - T >
T2 ------ Fo - do—mmm - dommm - >
y.load () c =a+ b x.store(3)

LA =R AR R T AR 2Ry, ROYEE e, FUA o X a Ml b AR 1T x A
y PRI HRRBN AR R (HEEF L AR E IR S A RERE x 5 v TSEER)

BRAEE: RESIH B ISR, B REIE R AR AT I R S B SR, (I
RESRBNGE RIS ] o PRI FRA T T OIS AEREVEINSE AR E 5 R E RO 2 21 19 e )
ERAFRN. BRXEANERNTHEERZN T .

x.store(3) x.store(4)

T1 ————t———m———— - e >
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x.read () x.read () x.read () x.read ()

6 B, WSRRAMBL x BRILREA 0, W T2 HHPNIK x.read O Z55R AT BEAHAN IR T LA N 1
M

3444 // x WERERRKAL

0334// x WERGEHRALIAHHEFE - EHER

0004 // mE—RBEHEEZAT x Wm&LME, T HEMLFRAEI

0000 // ZHEMHMBEAN x WEREHABARE, ERKREMHE AL — T #
MEE x F 4 WKL

M FF I F

std:

10

11

12

T B RAREC AL, SRR BRI 80, C+11 AR L T ARRFRI I
memory_order FUJEIT, ZEik T VUFH 4 AR IR 4 00y :

- SERMERL: FEIBTRT, BRI R R USRI TR, ARVHE S EHE, (AARIZAR R

JEFEAERIIN T A . J5AEIT std: :memory_order_relaxed $57E. IKMN1RE— T

std::atomic<int> counter = {0};
std::vector<std::thread> vt;
for (int i = 0; i < 100; ++i) {
vt.emplace_back ([1(){
counter.fetch_add (1, std::memory_order_relaxed);

)

for (auto& t : vt) {

t.join();

std::cout << "current counter:" << counter << std::endl;

- LR BRI : AR, PN AR BR AR ) R BB . MR SRR B R ME, B

7 ERREE AR AR R, RS RBRTE . BARTIE, 288 A S8 7 =100 = 1Y
GEAE, 208 B AURBUH AR =k x IS EAE, 5 x IRTAIREIT TR, S A 230 x.release )
B (BIf§i ] std::memory_order_release) , %M std::memory_order_consume REASHA{RE: B 7L T
x.load ) HHEMIEEE] A B =IOk x IS #HE. FROPRA — 5

std::atomic<int*> ptr;
int v;
std::thread producer ([&] () {

int* p = new int (42);
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v = 1024;

ptr.store(p, std::memory_order_release);

b
std::thread consumer ([&] () {
int* p;
while (! (p = ptr.load(std::memory_order_consume))) ;
std::cout << "p: " << *p << std::endl;
std::cout << "v: " << v << std::endl;

b
producer. join () ;

consumer. join () ;

R/ RIS - ARSI FRATTAT DAE— 28 0 S0 A [ S A 1A i R A AU R BR A, AR
std: :memory_order_release %ﬂ%%ﬂy,std::memory_order_acquire ziﬁﬂﬁﬂiﬁﬁﬁf?, EﬂZiﬁiZE%%ﬁ&i%T@
ZHITE S, M HEMZRENERBURERLZ T I, ZRR& 4T (happens-before) o
FTLAFE], st: mmemory_order_release Hfiff | B2 IRIIE (FHAS L AARERRME LN, B
JEH BB, T std: :memory_order_acquire Hiff I B X JGHIRII ST N, AR AAEIZRBUREZ
Ja s B AETHYFERE . AT EIT std: :memory_order_acq_rel [ , WIZE& T IXME AR, ME—
WE T — MW RRR, (15 TR N S AR B E HER AR TS
ARG — -

std::vector<int> v;
std::atomic<int> flag = {0};
std::thread release ([&]() {
v.push_back (42);
flag.store(l, std::memory_order_release);
1
std::thread acqrel ([&]() {
int expected = 1; // must before compare_exchange_strong
while (! flag.compare_exchange_strong(expected, 2, std::
memory_order_acq_rel)) {
expected = 1; // must after compare_exzchange_strong
}
// flag has changed to 2
s
std::thread acquire ([&] () {

while(flag.load(std::memory_order_acquire) < 2);

std::cout << v.at(0) << std::endl; // must be 42
B
release.join();
acqrel.join();

acquire.join();
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11

12

B FRATE T compare_exchange_strong, ‘U fH 2 A #i5H1E (Compare-and-swap prim-

itive)

. BA T EIHA, B compare_exchange_weak, & AV HALY), W AHIAE

talse KW HFRUZROMER L& BB SN, BIRMNE. 5 CPU g7 LT XUk

L 5 — 2R A A — bk AR R A 8. BRIEZAL, compare_exchange_strong HYTEAEH

REMHZE

F compare_exchange_weak, {H KFMEHL T, compare_exchange_strong N iZ# A [RZ &,

B s FEBTRR  JERA R T B R R REXT R R e . R R

std: :memory_order_seq_cst IHfTIEE. WIGKE— I F:

std::atomic<int> counter = {0};
std::vector<std::thread> vt;
for (int i = 0; i < 100; ++i) {

vt.emplace_back ([J(){

counter.fetch_add (1,

std::memory_order_seq_cst);

1
}
for (auto& t : vt) {
t.join();
}
std::cout << "current counter:" << counter << std::endl;

XA 55— SERM B Y B AR BB DR, AU SR BB B A AR 0 T
memory_order_seq_cst, 4RI ] LLH 174 5 Fr Il SX PRI 5] P A7 P S B P REZE =2

B4

CH++11 BEF R TR MR SCHS, AT RN E T std: thread, std::mutex, std::
future JXLEF R AR T BB R TH. Rtz Hh, FATENA T C++11 FmEENJLMRHEZ —
B TN, BTN C++ FERMEL S e RETH Rt T S B At

>R

1.

1

BE AR AR M, AT IIRE:

ThreadPool p(4);

/REEE R TN,
pool.enqueue ([](int life)

IR E — A

auto f

return meaning;
Y, 42);
VI N
std:

bR A RATER
:cout << f.get() << std::endl;

future

/7 FEEA TR X E

std:: future

{

15 {Hi ] std::atomic<bool> SLEL—H JF4Hi,
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E—TRIENSE R

o CH++ JFEZME (F3ChR)

o LR SRR S

e Herlihy, M. P, & Wing, J. M. (1990). Linearizability: a correctness condition for concur-
rent objects. ACM Transactions on Programming Languages and Systems, 12(3), 463-492
https://doi.org/10.1145/78969.78972

%8 ENHRS

S RGPS T OO RS B HLSCHE. BSRSRSR AR A TR E R R D RE . ATIE R
AR, AR RS boost K, HRAWEIHN C++ WRERIRZIEZ —.

8.1 M 5HE#

TODO:

8.2 std::filesystem

TODO:

9.1 FrzE
long long int
long long int HAE CH++11 HAEFIAN, HLFAE CI9, long long int FLELMAMA C Frifir,

I AR A i g i B S0 o CH+11 [ TAENR IERABCAINSRHEE, ME 71 long long int 3
TIZE /A% 64 Sr [ HLEREL

9.2 noexcept HJEIRFNIEIE
CH++ MHET C —AMMBMAET C++ REHE L T B8N S A EH . 4R1MfE C++11

ZHT, JLPFEANRERAERESEHE R FAEEA, N C++11 JHh, REUFBEFH . BrABA]
AETHEMA LI G LARTIREA L2 anf] TAFA i . YRR ROZ SR TR E

C+11 R 7 B A B AL O LA PR 0L -
L RECAT REMD HAT A SR
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9.2 noexcept #9154 Fo Ak % 9 F e dem

PRECAN RENE H (A S5

I8 H] noexcept XTIXPIFFAT AMHEATERG] ., Hikn:

void may_throw(); // [ & #h H F ¥
void no_throw() noexcept; // 7 7 f i F

fii | noexcept &AMt [ sRACINI AR . RiFan (i std: :terminate O SRAZRIZR [LFEITIEAT
noexcept JNREMSMFRIERF, HTHAE 1 3RE0, URBATCHRFEN, BIE] true, IR false,

#include <iostream>
void may_throw () {

throw true;

}
auto non_block_throw = []{
may_throw () ;
3
void no_throw() noexcept {
return;
}
auto block_throw = []() noexcept {
no_throw () ;
3
int main ()
{
std::cout << std::boolalpha
<< "may_throw() noexcept? " << noexcept(may_throw()) << std::endl
<< "no_throw() noexcept? " << noexcept(no_throw()) << std::endl
<< "lmay_throw() noexcept? " << noexcept(mnon_block_throw()) << std::
endl
<< "lno_throw() noexcept? " << noexcept(block_throw()) << std::endl;
return O;
}

noexcept EAfi5E— M RELY J5 REW R BIEBURE Y B HRL, MRNT A SE ., BRI .
il :

try {
may_throw () ;
} catch (...) {
std::cout << "Hj k¥, K H my_throw()" << std::endl;
}
try {
non_block_throw () ;
} catch (...) {
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4 pu

std::cout << "4 7 F %, F HE non_block_throw()" << std::endl;
¥
try {

block_throw();
} catch (...) {

B A

std::cout << "# ik B, K H block_throw()" << std::endl;

}

AR
WHFHE, XH my_throw()
Wk B ¥, £ HE non_block_throw()
9.3 FHE
REFHEFHE

s C++ HEERE — D mMFe F AN AR R EF e i — s, hn—1Mad
HTML AAKE) A TR AR 7 U, Flin—A> Windows LU IS AL 2 C:\\File\\To
\\Path,

C++11 fefit 7 IR FAF R PR S, ATLME— D PREERETT ] R SREMX 7R, [,
RSy N EEE AR R I

#include <iostream>

#include <string>

int main() {
std::string str = R"(C:\File\To\Path)";
std::cout << str << std::endl;

return O;

BEXFHE

C++11 5|3 17 BHE L FHIRARES . I EHIG] 5 5 SuaErF LI

/SO FREFHEAEEXNSARELTH S HI X
std::string operator"" _wowl(const char *wowl, size_t len) {

return std::string(wowl)+"woooocooo00o0ow , amazing";

}

std::string operator"" _wow2 (unsigned long long i) {
return std::to_string(i)+"wooooocooooow, amazing';

}
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9.4 W &3t F % 9 T Hpblm

int main() {

auto str = "abc"_wowl;

auto num = 1_wow2;

std::cout << str << std::endl;
std::cout << num << std::endl;

return O0;

}
ERSESiisEs AT ES ¢
L BRI aE: FH L] unsigned long long. comst char *. MINUFIHITRFAF S, f£ LI
AR 2 R 5
2. FRERIS G BEEEAM# ] long double. const char *. ARHRFIH LT
3. FIFEFmE: VAT (const char *, size_t) JEFHISESE;
4. ﬁzﬁ?ﬁzﬁﬂgit é%%ﬁ;{ﬁﬁ{% char, wchar_t, char16_t, char32_t EKIL%*%ﬁﬂﬁo

9.4 NEXTF

Ch 11 5|\ T A4 aligno Fil alignas K SCHEN P AEHFF I/ T alignot LT AE

R FR MR std:size_t ERAME, HATEIIZEEROTT TR HATNTA I A
JET U, R A EE LG FTIT L, FRE, C++ 11 385N T alignas SREHHEM LM
X7 BATRF APl

#include <iostream>

struct Storage {

};

char a;
int b;
double C;

long long d;

struct alignas(std::max_align_t) AlignasStorage {

int

char a;
int b;
double c;

long long 4d;

main () {
std::cout << alignof(Storage) << std::endl;
std::cout << alignof(AlignasStorage) << std::endl;

return O;

75




&4 % 10 FR2: C++20 @A

Hrp std:imax_align_t ZOREE MR EEBAIXFF7 208 — 4, FILE LR iR ir e B 25,
BEM AR P 5 _EARFIRIEEROY 1ong double, NILFATXEIFFIA AlignasStorage HYRIFFESRKIE 8 Hy
16,

BE

AT AR LR R MR G B C++ FrEp v A B EEERTHRFIE 7. noexcept J2 ik
NEZRYFE, B D IIREAET REB ML R HO9 UL . AR L E g i ar i K IR BE R LA BATTHI A
o

% 10 ERE: C++20 f&f

C++20 nfE C++11 —F¢, PR IO — MR OB R Flan, FAE CH+11 IFHHRLERERAR
TR P A 2 R B A& I Y Comcept, WA TAFIEIXL Fo CH+ HESITIER ERLME C+4+20 AR
L2, i  Concepts/Module/Coroutine/Ranges/ 2555, ARFE AR —% C++20 RE5I AR
R 2L E EREE

S EAE S
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#include <list>

#include <algorithm>

int main() A{
std::list<int> 1 = {1, 2, 3};
std::sort(l.begin(), l.end());

return O;
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template <typename T>
requires Sortable<T> // Sortable =& — -1 &

void sort(T& c);
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